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The r e l a t i o n s h i p s  between c r e w  s i z e  and o p e r a t i o n a l  
and experimental  performance are i n v e s t i g a t e d .  
of one man t o  seven and more are analyzed i n  o r d e r  t o  determine 
t h e i r  c a p a b i l i t i e s  compared w i t h  t hose  of a six-man c r e w  on a 
Reference Miss ion .  A simple paramet r ic  a n a l y s i s  does no t  prove 
feasible. The c u r r e n t  u n c e r t a i n t i e s  regard ing  space s t a t i o n s ,  
work loads,  and degrees  of automation prec lude  conf iden t  
s e l e c t i o n  of optimum c r e w  s i z e s ,  b u t  t r e n d s  and s i g n i f i c a n t  
fac tors  are po in ted  o u t ,  inc luding  t h e  fol lowing:  

C r e w s  c o n s i s t i n g  

On t h e  Reference Mission, medical a c t i v i t i e s  
(4.5 hours p e r  man) take almost ha l f  t h e  a v a i l a b l e  work t i m e .  

A r educ t ion  of medical  t e s t i n g  would a l l o w  more suppor t  of 
o t h e r  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and technology (SA&T) a c t i v i t y ,  
a b e n e f i t  of  s i g n i f i c a n c e  to  crews of a l l  s i z e s ,  bu t  p a r t i c u l a r l y  
t o  s m a l l  ones .  On t h e  o t h e r  hand, r e t e n t i o n  of e x t e n s i v e  
medical t e s t i n g  f o r  s m a l l  crews might compensate f o r  t h e i r  
reduced s t a t i s t i c s  i n  q u a l i f y i n g  man f o r  long d u r a t i o n  f l i g h t s .  
However, a r educ t ion  of each man's d a i l y  medical program from 
4.5 t o  fou r  hours  i s  advocated f o r  a l l  crew s i z e s ,  s i n c e  it 
cons ide rab ly  i n c r e a s e s  t h e  f l e x i b i l i t y  i n  mission schedul ing.  

Personal  maintenance t i m e  i s  set a t  14 hours  f o r  
a l l  c r e w  s i z e s .  While t h e r e  i s  some b u i l t - i n  f l e x i b i l i t y ,  
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I?B ST .R\CT ( C on t i nued ) 

sma l l  crews are more l i k e l y  t o  u s e  t h e  t i m e  a s  i n t e n d e d ,  s i n c e  
t h e i r  need f o r  r c s p i t e f r o n  work t a s k s  i s  expec ted  t o  be g r e a t e r  
t h a n  t h a t  of  l a r g e r  crews. 

. Real  t i m e  u s e  o f  a computer i n  a c t i v i t y  s c h e d u l i n g  
i s  p o s s i b l e ,  b u t  w i l l  Frobably depend,  and cannot  n e c e s s a r i l y  
c o u n t ,  on t h e  c o o p e r a t i o n  of t h e  crew i n  a p p r i s i n g  t h e  computer 
of tiieir own s t a t u s  and t h a t  of t h e  exper iments .  

Uneer c e r t a i n  c i r cums tances  s m a l l  t w o -  o r  t h r e e -  
man crews, o r  even a s i n g l e  man, c o u l d  conduct  u s e f u l  m u l t i -  
d i s c i p l i n a r y  mis s ions .  While s m a l l  crews would have d i f f i c u l t y  
i n  meet ing g r o s s  accomplishment o b j e c t i v e s  and ir, per forming  
two-man and round-the-clock a c t i v i t i e s ,  l a r g e  crews (much 
above s i x )  would s u f f e r  some l o s s  i n  ave rage  w o r k  o u t p u t  p e r  
man, due l a r g e l y  t o  o r g a n i z a t i o n a l  f a c t o r s .  
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TECHNICAL IIC.?IORANDUI4 

I .  I n t r o d u c t i o n  

A.  S t a t emen t  of Probler ,  

.A six--man m u l t i - d i s c i p l i n a r y  e a r t h  o r b i t a l  space  
s t a t i o n  mis s ion  w a s  d e f i n e d  and ana lyzed  wi th i r ,  E e l l c o m m  d u r i n g  

t h e  l a t t e r  p a r t  o f  1968 ( 1 r 2 )  and i s  r e f e r r e d  t o  h e r e a f t e r  a s  
tlie Reference  Mission.  The adopted c r e w  s i z e  a d  program f o r  
t h a t  mi s s ion  w e r e  d e r i v e d  r e s p e c t i v e l y  froin a n  i n s t i n c t i v e  
p r e f e r e n c e  f o r  s i x  men and a p rocess  of  i t e r a t i v c  e n g i n e e r i n g  
judgments,  w i t h  bo th  b e n e f i t t i n g  from f a m i l i a r i t y  x i t h  p r e v i o u s  
space  s t a t i o n  s t u d i e s .  I n  order t o  more c r i t i c a l l y 7  a s s e s s  
t h o s e  d e t e r m i n a t i o n s  and t o  enab le  i n c r e a s e d  s k i l l  i n  making 
such  s e l e c t i o n s  f o r  f u t u r e  space  s t a t i o n  models,  this t r a d e o f f  
s t u d y  between c r e w  s i z e  and mis s ion  performance has  been con- 
duc ted .  The Reference  I4ission i s  t h e  p r i n c i p a l  p o i n t  of d e p a r t u r o  
and comparison. P e r t i n e n t  a s p e c t s  of t h a t  bl iss ion are  reviewed 
i n  S e c t i o n  11. 

The t r a d e o f  f q u e s t i o n s  i n c l u d e  t h e  fo l lowing :  

--How much would the m i s s i o n  s u f f e r  o r  g a i n  a s  
c r e w s  of d i f f e r e n t  s i z e  a t tempted  t o  m e e t  e s s e n t i a l l y  t h e  
same work o b j e c t i v e s  i n  e q u a l  p e r i o d s  of t i m e  ( t h e  n i s s i o n  
d u r a t i o n ) ?  A c o r o l l a r y  t o  t h i s  i s :  

--HOW would t h e  accomplishments of d i f f e r e n t  c r e w  
s i z e s  r e l a t e  t o  t h e  n a t u r e  of t h e  work t a s k s  and t o  t h e  ground 
r u l e s  o r  assumpt ions?  

' More s p e c i f i c  a s p e c t s  of  t h e s e  are:  

--Keeping the work t a s k s  f i x e d ,  how w i l l  o u t p u t  v a r y  
w i t h  c r e w  s i z e ?  

--Which t a s k s  o r  procedures  must change ,  and how, 
t o  e n a b l e  a t t a i n m e n t  of t h e  same g o a l s  by smaller crews? 
How l i t t l e  c a n  you change t h e  t a s k s  t o  s u f f e r  minimum degra-  
d a t i o n  i n  meet ing o b j e c t i v e s  and s t i l l  make do w i t h  s m a l l e r  
c rews?  
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--How would t h e  c h a r a c t e r  of t h e  mis s ion  change a s  
crews g o t  s m a l l e r ?  

--For any g iven  crew s i z e ,  how s e n s i t i v e  i s  t!ie work 
o u t p u t  t o  t i m e  s p e n t  i r l  pe r sona l  maintenance (e.g., s i x  liours 
s l e e p  i n s t e a d  of e i y h t ) ,  t o  t h e  pace  a t  wnich work i s  done 
(e.g., t h r e e - s h i f t  day i n s t e a d  of one o r  two),  t o  t h e  o p e r a t i o n a l  
r equ i r emen t s  of t h e  experiments  ( e . g . ,  two-man v e r s u s  one-man 
o p e r a t i o n ;  f i x e d  v e r s u s  f l e x i b l e  d u r a t i o n s ) ,  e t c . ?  

B .  Approach 

Two approaches  t o  the  s t u d y  of  c r e w  s i z e  s e n s i t i v i t y  
w e r e  s u c c e s s i v e l y  t a k e n ,  t h e  second because  t h e  f i r s t  f a i l e d .  

sys tems a n a l y s i s  approach ,  which, i n  t h i s  c a s e ,  d i d  n o t  l e n d  
i t s e l f  t o  hand-ling t h e  r e a l  l i f e  problem. 

r n 3  l ~ i e  f i r s t  i s  worthy of n o t e  because it was t h e  i n s t i n c t i v e ,  

B r i e f l y ,  t h e  f i r s t  approach w a s  t o  do a p a r a m e t r i c  
s t u d y  of t h e  c r e w  s e n s i t i v i t y  problem. F i r s t ,  t h e  f a c t o r s  
t h a t  might  i n f l u e n c e  c r e w  s i z e  would be i d e n t i f i e d .  Then, t i ley 
would be v a r i e d  one a t  a t ime,and  t h e i r  r e l a t i o n s h i p  t o  c r e w  
s i z e  examined i n  m a t r i x  form. Tab le  I i s  a l i s t  of t h e s e  
f a c t o r s .  

Tab le  I - C r e w  S i z e  F a c t o r s  

1. 
2 .  

3 .  

4. 

5 .  

6 .  

7. 
8. 

Opera t ions  Ph i losop13  - e . g . ,  automated v s .  manned watch.  
Maintenance Phi losophy - Degrees of r e l i a b i l i t y  and 

redundancy determine r e p a i r  a c t i v i t y  r e q u i r e d .  
Round-the-Clock Experiment S u m o r t  - Requirement f o r  man 

awake a t  a l l  times a f f e c t s  l e v e l  of manpower 
a v a i l a b l e  f o r  work .  

Q u a l i f i c a t i o n  of Man f o r  Extended F l i a h t  - Pace a t  which 
w e  q u a l i f y  man f o r  ex tended  f l i g h t  i s  a f u n c t i o n  of 
how many men have t o  be checked f o r  a c c e p t a b l e  
s t a t i s t i c s .  

Biomedical T e s t  Philosophy - Rela t ed  t o  4 above. T y p i c a l l y ,  
conce rns  t h e  amount of  two-man medica l  a c t i v i t y  
r e q u i r e d  and d u r a t i o n  of  medical  t e s t s .  

s u b j e c t  t o  i n d i v i d u a l  t r a d e o f f  s t u d i e s ,  b u t  g e n e r a l  
p o l i c y  may a lso be adopted .  

Degree of Experiment Automation - Most exper iments  a r e  

P s y c h o l o g i c a l  Cons ide ra t ions  
EVA C a p a b i l i t y  Des i r ed  - e . g . ,  two-man-out c a p a b i l i t y  ritay 

r e u u i r e  t w o  more f o r  s u p p o r t .  Depends on phi losophy.  
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9. Need f o r  Backup Nan - What cont ingency  c a p a b i l i t y  i s  
d e s i r e d ?  D o  w e  m e e t  c o n t i n g e n c i e s  by having an  
unoccupied man a v a i l a b l e , o r  do w e  s t o p  an ongoing 
a c t i v i t y ?  

a f f e c t s  crew s i z e  r e q u i r e d  f o r  a g iven  work l o a d .  
10. Lenqth of Work 3ay - 8 hour?  1 0  hour? 1 2  hour? C e r t a i n l y  

11. S i z e ,  v a r i e t y ,  and Mutual C o m p a t i b i l i t y  of Experiment Payload 
1 2 .  L o g i s t i c s  Resupply I n t e r v d  - I n c l u d e s  p o t e n t i a l  f o r  

1 3 .  R o l e  of Man - R e l a t e s  s t r o n g l y  t o  1 and 2 above. S i z e  
crew exchange. 

(and makeup) of crew depends on whether  man's ro le  i s ,  
t y p i c a l l y :  
a )  Repairman (keeping t h i n g s  f i x e d  and i n  working 

b )  Opera tor  (wi th  l i t t l e  r e p a i r  d u t y ) :  
c )  Monitor (wi th  l i t t l e  o p e r a t i o n  and r e p a i r ) :  
d) S c i e n t i s t  (changing exper iment  d e s i g n ,  w r i t i n g  

new p r o g r a m  f o r  computer ,  e t c . ) ;  o r  
e )  Combination 05 some or  a l l  of above. 

o r d e r )  ; 

The above f a c t o r s  proved t o  be  too i n t e r r e l a t e d  and 
complex fo r  a s imple  m a t r i x  a n a l y s i s .  A q u a l i t a t i v e  a t t e m p t  t o  
d e s c r i b e  a n t i c i p a t e d  e f f e c t s  of pa rame te r  man ipu la t ions  on 
c r e w  performance and o u t p u t  a l s o  f a i l e d .  I n s t i n c t i v e  
judgments a s  t o  t h e  r e s u l t s  of t h e s e  man ipu la t ions  o f t e n  d i d  
n o t  lead t o  mutua l ly  c o n p a t i b l e  e v e n t s ,  c a p a b l e  of be ing  scheduled  
i n  a c t u a l  t i m e  l i n e s .  I n  s h o r t ,  a more l i m i t e d ,  p ragmat i c  
approach  w a s  r e q u i r e d .  

The second and adopted approach t o  t h i s  s tudy  of  
c r e w  s i z e  s e n s i t i v i t y  i s  a s  f o l l o w s :  

F i r s t ,  t h e  six-man Reference  Y i s s i o n ,  accompanied by 
f i g u r e s  d e p i c t i n g  a nominal day on t h a t  m i s s i o n ,  p e r t i n e n t  
d a t a  d e s c r i b i n g  d i f f e r e n t  l e v e l s  of a c t i v i t y ,  and a man by man 
s c h e d u l e , i s  reviewed. The schedu le  i s  t h e n  r e v i s e d  t o  r e f l e c t  
a f o u r  hour  p e r  day l e v e l  of  medica l  a c t i v i t y  i n s t e a d  of t h e  
o r i g i n a l  4 . 5  hours .  Th i s  e x p e d i t e s  comparison w i t h  o t h e r  c r e w  
s i z e  s c h e d u l e s ,  which had proved s i m p l e r  t o  p r e p a r e  on t h e  fou r -  
hour  b a s i s .  Then, beginning  w i t h  a c r e w  of on ly  one man,crews 
of i n c r e a s i n g  s i z e  a r e  ana lyzed  t o  see what t h e y  could  accompl ish ,  
and t h e i r  o u t p u t s  are compared w i t h  t h a t  of t h e  Reference  Mission.  
The e f fec ts  of v a r i o u s  r e s t r i c t i o n s  and assumpt ions  a r e  no ted .  
A s  few m o d i f i c a t i o n s  as  p r a c t i c a l  are  made. The s e l e c t i o n  of  
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m o d i f i c a t i o n s  and o p e r a t i n g  modes i s  on a p r a g m a t i c ,  e n g i n e e r i n g  
judgment b a s i s ,  l e a v i n g  some p o s s i b i l i t i e s  uns tud ied ,  b u t  pre.;cnt;i:q 
one or more r e a l i s t i c  a l t e r n a t i v e s  a t  each  c r e w  s i z e  a s  r ep res3 ; i t d -  
t i v e  of t h e  changing c a p a b i l i t i e s  and r equ i r emen t s .  L a s t l y ,  
a comparison o f  a six-man and a three-man crew on a c o n s i d e r a b l y  
s h o r t e n e d  medica l  s c h e d u l e ,  more i n  consonance w i t h  some 
l a t e r  t h i n k i n g ( d ) ,  i s  p r e s e n t e d .  A l l  t h e s e  t r e a t m e n t s  
pay p a r t i c u l a r  a t t e n t i o n  t o  t h e  e f f e c t s  of crew s i z e  on t h e  
performance of s c i e n c e ,  a p p l i c a t i o n s ,  and technology (SAET)  
exper iments  and on t h e  q u a l i f i c a t i o n  of man f o r  ex tended  
o p e r a t i o n s  i n  s p a c e .  

T o  r e a s o n a b l y  l i m i t  ou r  s t u d y  w e  a d o p t  c e r t a i n  of t L i ; i  

ground r u l e s  from t h e  Reference Miss ion .  These amount t o  
keeping  some of t h e  f a c t o r s  from Table  I c o n s t a n t ,  namely: 

From 2 .  - S a f e t y  c r i t i c a l  f e a t u r e s  s h a l l  be  redundant .  

From 8. - There s h a l l  be  no requi rement  f o r  ope ra t lo : i a l  
EVA. Th i s  a l l o w s  u s  t o  c o n s i d e r  crew s i z e s  
of less than  f o u r  men. 

From 11. - The mis s ion  s h a l l  be  m u l t i - d i s c i p l i n a r y .  

From 1 2 .  - A 9 0  day l o g i s t i c s  c y c l e  i s  assumed. 

Also, w e  do n o t  c o n s i d e r  t h e  impact  of c r e w  s i z e  on h a b i t a b i l i t y ,  
l i f e  s u p p o r t ,  o r  l o g i s t i c s  requi rements .  Fur thermore ,  w e  
assume t h a t  a s s i g n e d  t a s k s  are c a p a b l e  of performance w i t h i n  
t h e i r  a l l o t t e d  times. Should it be l e a r n e d  a f t e r  a mis s ion  
h a s  begun t h a t  t h i s  i s  n o t  t h e  c a s e ,  less work would be accom- 
p l i s h e d  t h a n  p l anned ;  t h a t  i s ,  t h e r e  would be 
f e w e r  completed t a s k s .  But i f  w e  l e a r n  e a r l i e r ,  e . g . ,  frorn 
-mp, t h a t  work c a p a b i l i t y  i n  space  i s  r e s t r i c t i v e l y  l i m i t e d  
( e . g . ,  p r e p a r a t i o n s  f o r  LM e n t r y  i n  Apol lo  8 took longe r  t h a n  
e x p e c t e d ) ,  t h e n  w e  would e i t h e r  p l a n  t o  p r o v i d e  l a r q e r  crews 
fo r  t h e  r e q u i r e d  work l o a d  o r  p r e p a r e  t o  r e l y  even more h e a v i l y  
on  au tomat ion .  

11. R e v i e w  of  t h e  Six-Man Reference Miss ion  

Reference  2 ,  which d e s c r i b e s  t h e  Reference  Miss ion ,  
p r e s e n t s  a t y p i c a l  day on a m u l t i - d i s c i p l i n a r y ,  e a r t h  o r b i t i n g  
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space  s t a t i o n .  On t h a t  mi s s ion  a c r e w  of s i x  foi;ows a t h r e e -  
s h i f t  day w i t h  two men a s l e e p  and f o u r  awake a t  a , l  t imes .  
Opera t ions  are  l a r g e l y  automated. 
s i s t s  of t h e  performance of expe r imen t s ,  p r i n c i p a l - i y  i n  as t ronomy,  
e a r t h  a p p l i c a t i o n s ,  b iomedic ine ,  and b i o s c i e n c e .  

The p r o d u c t i v e  a c t i v i t y  con-  

The r e f e r e n c e d  s t u d y  s u g g e s t s  t h a t ,  on t h e  a v e r a g e ,  w i t : :  
a six-man crew, one man shou ld  be k e p t  f r e e  of "cor,nected type"  t a s k s  
( c h a r a c t e r i z e d  by c o n t i n u i t y  or by r e g u l a r  and f r e q u e n t  performdncc 
- - l i k e l y  t o  be  degraded by i n t e r r u p t i o n s ) .  T h i s  would g e n e r a l l y  
a l low s p o t  ass ignment ,  w i t h  minimum impact  on ongoing ,  r c q u l a r  
a c t i v i t i e s  , t o  meet t h e  numerous unscheduled , a d d i t i o n a l  work 
l o a d s  t h a t  can  occur .  4 m i s s i o n  sequence p l a n  f o r  a nominal 
day was p r e s e n t e d ,  and i s  shown a g a i n  h e r e  i n  F i g u r e  1. The p l a n  
i n c l u d e s  a s i zeab le  complement of preprogrammed exper iments  and 
a v a r i e t y  of p lanned ,  s h o r t  d u r a t i o n  t a s k s ,  w h i l e  p rov id ing  
s u f f i c i e n t  f l e x i b i l i t y  t o  permit  t h e  performance of a r e a s o n a b l e  
number of a n t i c i p a t e d  cont ingency  and emergency t a s k s .  

F i g u r e  2 summarizes t h e  a c t i v i t y  d a t a  from F i g u r e  
1. The man hours  s p e n t  i n  o p e r a t i o n a l ,  SA&T,  med ica l ,  and 
swing-time a c t i v i t i e s  a r e  shown f o r  each  of t h r e e  d i f f e r e n t  
t y p e s  of day ( d i s c u s s e d  i n  t h e  Appendix) ,  summed, and  
compared w i t h  t h e  man hours  a v a i l a b l e  f o r  work ( 1 0  hours  p e r  
man p e r  d a y ) .  A p p l i c a b l e  d e f i n i t i o n s  and ground r u l e s  are 
i n c l u d e d  w i t h  t h e  F igu re .  
an  ave rage  of almost 7 5/6 hours  p e r  man, o r  78% of t h e  a v a i l a b l e  
t i m e .  
workinq t i m e )  i s  sDent i n  medical  a c t i v i t i e s .  
swing-time a c t i v i t i e s  a r e  inc luded  on ly  when a t  l e a s t  1% u n i n t e r -  
r u p t e d  hours  ( abou t  1 o r b i t )  a r e  a v a i l a b l e  f o r  t h e i r  performance.  
T h i s  r a i s e s  t h e  ave rage  work t i m e  t o  9 1 / 3  h o u r s ,  w i t h  medical 
a c t i v i t i e s  t a k i n g  s l i g h t l y  less  t h a n  h a l f .  
p o r t r a y s  a n  a r b i t r a r y  b u t  r e p r e s e n t a t i v e  s i t u a t i o n  i n  which 
f l a r e s  a re  o c c u r r i n g  du r ing  a p e r i o d  when t h e  s u n  i s  a c t i v e  and 
i n c r e a s e d  manpower i s  r e q u i r e d  f o r  t h e  a s s o c i a t e d  s o l a r  
o b s e r v a t i o n s .  
exceed  a v a i l a b l e  manpower on  an ave rage  b a s i s ,  b u t  does  
r e q u i r e  some j u g g l i n g  of t h e  nominal s c h e d u l e ,  as  i n d i c a t e d  
i n  tne c h a r t  n o t e s .  With t h e  s tepped-up l e v e l  of  SA&T a s  
i n d i c a t e d ,  t h e r e  a re  no longe r  any  a v a i l a b l e  f r e e  p e r i o d s  of 
1% hours  o r  more i n  d u r a t i o n ,  so swing-time t a s k s  a r e  n o t  
per formed.  S t i l l ,  t h e r e  is  about  a n  hour  p e r  man of f r e e  t i m e .  

The Minimum Day i s  seen  t o  rec lu i re  

4 5 %  o f  t h e  a v a i l a b l e  t i m e  (and a m a j o r i t y  o r  t h e  a c t u a l  
I n  t h e  Eusy Day, 

The Hectic Day 

The s tepped-up l eve l  of  a c t i v i t y  s t i l l  d o e s n ' t  
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ACTIVITY 

LEVEL TYPE* 

M I N I W U Y  0 & M 
(i \rosinal)  SA&T 

NED1CA.L 

BUSY - 
(Nominal 

c lSt S h i f t ,  8 h r s  + 2 n d  S h i f t ,  18 h r s  - -  31d S h i f t ,  8 h r s  - Hours M a n  

l I 2 2  2 2 2 

total % of 
1 2 3 4 5 6 7 8 9 10 11 1 2  13 1 4  15  16 17  18  19 20 2 1  22 23 24 Assig.  a v a i l .  

1 1 1 3 5 
1 1 112  11 2 2 2 112 17  28 

27 45 2 2  2 2 2 
Sw. Tm. 

TOTAL 

O & M  

HECTIC** 0 & I$. l l  1 1 
1 1 2  2 2 1 1 12 2 2 211 (Of f-Nom. ) SA&T 

NEDIC 2 2  2 2 2 I22 2 2 2 

1 112  2 3 3 314 0 0 2 112 213 3 )3  3 0 0 1 1 1 2  4 4 4 314 0 0 4 7 ( o f  60)78  

78 
2 1/6 22  

TOTAL 10 100 

1 1 1 3 5 

Avg. p e r  man 7 5/6 
I Unassigned 

j 
I 

l 3  5 

1 1 1 1 1  
2 2 \ 2 2  

1 1 ! 1 1  
' k  1 1 1 1 2  

TOTAL2 2 3 4 4 4 0 0 2 42 314 4 4 4 0 0 1 112 4 4 4 4 4  0 0 
Avg. p e r  man 
Unassigned 

TOTAL 

42 
45 

1 7  28 
27 45 

9 15  
5 6 ( o f  60)93  

9 1/3 93  
213 7 

10 10 0 

Sw. Tm. 

TOTAL 

~ ~ ~ _ _ _ _ _ _ _ _ _ _  ~ 

NO. o f  men I' 2 4 4 4 4 0 0 2  2 ' 4  4 4 4 0 0 2 2 4 4 4 4 0 0 
a v a i l a b l e  

2 42  213 4 4 4 0 0 2 42  214 4 4 413 0 0 2 1 1 2  4 3 4314 0 0 55 (0 f  60 )92  

Avg. p e r  man 9 1 /6  9 2  
Unassigned 5/6 8 

TOTAL 1 0  100  

FIG. 2 

LEGEND 

*O  & M (Opera t ions  & Maintenance) cove r s  work a c t i v i t i e s  n o t  d i r e c t l y  involved  w i t h  
t h e  conduct o f  s c i e n t i f i c  or medical exper iments .  Inc ludes  s u p p o r t  a c t i v i t i e s ,  
such a s  modi f ied  watch ,  r e p a i r  (no t  shown h e r e )  , etc. Excludes c a l i b r a t i o n ,  
p o i n t i n g ,  etc.  

SALT, on t h i s  c h a r t ,  means r e g u l a r ,  d a i l y  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and t e c h n o l o g i c a l  
a c t i v i t i e s .  

SW. Tm. (Swing T i m e )  means o t h e r ,  i n f r e q u e n t  (though p o s s i b l y  scheduled)  SA&T. 

MEDICAL cove r s  subject, o b s e r v e r ,  and laboqatory  t e c h n i c i a n  t i m e .  

** Inc ludes  unscheduable though n o t  n e c e s s a r i l h  u n d e s i r a b l e  e v e n t s .  For  t h i s  example w e  
u s e  active sun and t w o  f l a r e s / d a y ,  one d u r i n g  p a t r o l  mode (automated, 1st HR) 
and o t h e r  d u r i n g  a c t i v e  sun  (and r e p l a c i n g  it f o r  one o r b i t ;  e . g . ,  12 th  H R ) .  
These n e c e s s i t a t e  some a c c e p t a b l e  schedu le  s h i f t s ,  a s  exp la ined  i n  Reference  2 .  

Some Ground Rules:  

1. 2 4  IIR DAY. 6 Day work week, 7 th  Day o f f .  

2 .  1 4  HR/DAY p e r s o n a l  maintenance (S leep ,  e a t ,  e x e r c i s e  

3 .  Up t o  two f l a r e s  ( b u t  n o  more, perhaps ,  t h a n  l / s h i f t  
so  long  a s  t h e y ' r e  n o t  i n  maximum P.  M. mode ( u n l e s s  

4 .  To r e t a i n  c a p a b i l i t y  for Hectic Day, n o d a l  s chedu le  
( L a t t e r  having  s u s p e n d i b l e  swing t i m e  a c t i v i t i e s )  . 

etc.  ) 

may be s t u d i e d  i n  any one day ,  
- > impor tance  2 ) .  

must be  e i t h e r  Minimum or Busy Day 
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It  i s  impor t an t  t o  note  t h a t  i f  o n l y  8 hour s  p e r  day 
had been al lowed f o r  work t h e r e  would have been no t i m e  f o r  
t e c h n i c a l  a c t i v i t i e s  o t h e r  t han  t h o s e  which a r e  preprogrammed 
and connec ted .  There would a lso have been no c a p a b i l i t y  
f o r  conduct ing  ex tended  2-man a c t i v i t i e s  ( o t h e r  t h a n  m e d i c a l ) ,  
such  as a c t i v e  sun astronomy o r  an imal  s u r g e r y ,  u n l e s s  o t h e r  
d u t i e s  were suspended. The p r o b a b i l i t y  of an 8-hour l i m i t ,  
w h i l e  c o n s i d e r e d  l o w ,  w i l l  depend on t h e  i n t e n s i t y  and v a r i e t y  
of w o r k  i n  space .  If  t h e  t a s k s  a re  of  s u f f i c i e n t  v a r i e t y  and 
d o n ' t  p rove  unexpec ted ly  exhaus t ing ,  t h e  assignment  of more 
t h a n  8 hours  work  would n o t  be un reasonab le .  A t  t h e  o t h e r  
ex t reme,  if w e  cons ide red  ex tending  each  man's w o r k  day t o  1 2  
hour s ,  w e  cou ld  accommodate swing t i m e  a c t i v i t i e s  a s  w e l l  as 
t h e  a c t i v i t i e s  of a Hectic Day and s t i l l  have a l i t t l e  a d d i t i o n a l  
f l e x i b i l i t y  f o r  hand l ing  cont ingency  e v e n t s .  I t  i s  estimated 
t h a t  unass igned  t i m e  would then  amount t o  abou t  1% hours  p e r  
man, showing t h a t  he  n e e d n ' t  work t h e  whole 1 2  hour s  even though 
he i s  a v a i l a b l e .  

To complete  t h e  p i c t u r e  fo r  t h e  Refe rence  Miss ion  
(on t h e  p r i n c i p a l ,  1 0 - - h o u r - a v a i l a b i l i t y  b a s i s ) ,  and t o  f a c i l i t a t e  
comparison w i t h  o t h e r  c r e w  s i z e s ,  a breakdown of i n d i v i d u a l  c r e w -  
man ass ignments  i s  shown i n  F i g u r e  3 and i t s  accoxpanying 
d a t a  summary. The fo rma t s  are e x p l a i n e d  f u r t h e r  i n  t h e  
Appendix. 

111. Factors of Broad A p p l i c a b i l i t y  

Some f a c t o r s  having broad a p p l i c a b i l i t y  t o  c r e w  
s i z e  c o n s i d e r a t i o n s  and ,  t h e r e f o r e ,  d e s e r v i n g  s e p a r a t e  t r ea t -  
ment are:  t h e  medica l  program, p e r s o n a l  main tenance ,  so la r  
astronomy (as an  example of a major, h i g h l y  demanding 
SA&T a c t i v i t y ) ,  onboard coniputers,  and t h e  l e n g t h  of t h e  
work day.  

A. R o l e  of t h e  Medical Program 

A major purpose  of t h e  onboard medica l  program i s  
t o  h e l p  q u a l i f y  man f o r  extended s p a c e  f l i g h t .  The t es t s  
conducted  w i l l  p r o v i d e  a s su rance  as  t o  t h e  crew's c u r r e n t  and 
f u t u r e  w e l l  be ing .  Space Medicine (NASA/MM) t h i n k i n g  a t  t h e  
t i m e  of t h e  Reference  M i s s i o n  s t u d y  w a s  t h a t  t h e r e  should  be 
one medical  e x p e r i m e n t a t i o n  pe r iod  of 4 . 5  hours  p e r  day f o r  
e a c h  two a s t r o n a u t s .  Th i s  i s  t h e  t i m e  r e q u i r e d  each  day f o r  
t w o  men t o  c o o p e r a t i v e l y  m e e t  t h e i r  combined medica l  r equ i r emen t s  



FIGURE 3 -CREW INFLIGHT SCHEDULE - 6 MEN 
(4.5 HR MED PROGRAM) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ORBITS 

LEGEND 

SLEEP 

PERSONAL MAINTENANCE 
(EAT, EXERCISE, HYGIENE, 
HOUSEKEEP) 

0 =OBSERVER 
L.T. = LABORATORY TECHNICIAN 

n WORK AVAtLABiLiTY 
A.S. OR F. 
OS.  = QUIET SUN 
SOL. AS. =SOLAR ASTRONOMY 
ST. AS. = STELLAR ASTRONOMY 
E.L. = EARTH LOOKING 
F.P. = FILM PROCESSING 
M.W. = MODIFIED WATCH 
ATD. SPC. = ATTEND SPECIMENS 
BIO. =BIOSCIENCE 
SW. TM. =SWING TIME 
R&R = REST & RECREATION 

= ACTIVE SUN OR FLARES 

FIG. 3 

DATA SUMMARY FOR FIGURE 3 (HOURS PER A C T I V I T Y )  
6-NAN CREW (4% HR. MED. PROG.) 

, 
CREWMAN 

t 
I 

1 

2 

3 

4 

5 

6 

, 

TOTAL 

A C T I V I T Y  

(SOL.  S T .  ATD . sw. 
M.W. MED. Q.S. A S . )  AS.  E . L .  F.P. S P C .  ( B I O . )  TM. 

1 44 3 4 - - - - 
- - - 44 - s i -  4 

1 44 3 4 s i -  - - 
- - - 4% - 3 1 14 
1 44 3 - 4 -  - - 
- - - 44 - 4 1 34 

3 27 9 14 14 3 2 9 

MED . 
SA&T ( + D . A . )  

COMMENTS ON SCHEDULE AND DATA SUMMARY 

T O T A L  

YIN. BUSY 
IAY DAY 

9 9 

5 9 

94 94 

8 4  10 

9 9 

6 94 

47 5 6  

- 2 7  -27 

20 29 
- __ 

R&R 

1 

1 

4 
- 
1 

4 

E . L .  Should be rescheduled where incompatible with ephemeris. C.M. #3 can split M . W .  and do E . L  
at end of 1st hr., instead of in dark as shown. C . M .  # 5  should reverse assigned order of M . W .  
and E . L .  in 9th and 10th hrs. 

TO perform ST. AS. in dark on 3rd shift, C.M. # 3  should reverse R&R and S T .  AS.in 22nd hr. 
S U 3 O O r t  of qctivo sun observations during 3rd shift requires tricky juggling of ATD. S P C .  and 

4 
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as s u b j e c t ,  o b s e r v e r ,  and l a b o r a t o r y  t e c h n i c i a n .  The impact  
of such a heavy medical  program on t h e  o u t p u t  of a m u l t i -  
d i s c i p l i n a r y  miss ion  i s  s e v e r e ,  e s p e c i a l l y  a s  t h e  crew s i z e  
u imin i shes  from s i x ,  as w i l l  b e  shown l a t e r .  

The m o t i v a t i o n  f o r  reducing  crew h e a l t h  medical  
t e s t i n g  i s  t o  p r o v i d e  more t i m e  f o r  t e c h n i c a l l y  o r i e n t e d  S A & T ,  
e i t h e r  med ica l ly  r e l a t e d ,  s u c h  as b io t echno logy ,  human e n g i n e e r i n g ,  
and EVA, o r  nonmedical.  Even t h e  s m a l l  r e d u c t i o n  from 4 . 5  
t o  4 hour s ,  assumed f e a s i b l e  i n  t h i s  s t u d y ,  s u b s t a n t i a l l y  
i n c r e a s e s  schedu l ing  f l e x i b i l i t y .  

T o w a r  t h e  end of t h e  r e f e r e n c e  s t u d y , i t  was b e l i e v e d  
w i t h i n  B e l l ~ o r n m ~ ~  
reduced w i t h o u t  ser ious impact t o  1 3/4 hours  a s  a s u b j e c t  and 
3/4 hour s  as a n  o b s e r v e r  f o r  each man, w i t h  one of eve ry  t w o  
men r e q u i r i n g  an a d d i t i o n a l  0 . 8  hour s  as a t e c h n i c i a n .  
Hence, t h e  t o t a l  t i m e  f o r  one man would be  2% hours  p e r  day 
and f o r  h i s  p a r t n e r  3 .3  hours  p e r  day.  The whole medica l  
p e r i o d  would o n l y  l a s t  3.3 hours ,  s i n c e  t h e  men would beg in  
t h e i r  a c t i v i t i e s  s imul t aneous ly .  The e f f e c t s  of implementing 
t h a t  s h o r t  a program f o r  6-man and 3-man crews a re  exp lo red  
l a te r  . 

t h a t  t h e  medical t i m e  requi rement  cou ld  be 

While w e  would l i k e  t o  reduce  t h e  d u r a t i o n  of t h e  
medical a c t i v i t i e s  a s  j u s t  sugges t ed ,  w e  r e a l i z e  t h a t  t h e s e  
a c t i v i t i e s  assume i n c r e a s i n g  impor tance  as crews g e t  smaller, 
s i n c e  t h e  s t a t i s t i c a l  r e t u r n  i s  a l so  g e t t i n g  smaller.  Hence, 
it may pay t o  keep medica l  t e s t i n g  a t  4 hour s  f o r  s m a l l  
crews and t o  r educe  i t  t o  t h e  2.5-3.3 hour  program f o r  l a rger  
c r e w s .  

B.  R o l e  of P e r s o n a l  Maintenance (P.N.) 

One concep t  c a r r i e d  through t h e  e n t i r e  s t u d y  i s  
t h a t  a n  adequa te  amount of p e r s o n a l  maintenance t i m e  shou ld  
a lways  be b a s e l i n e d .  E i g h t  hours  i s  set  a s i d e  f o r  s l e e p ,  
though up t o  two hours  less  is expec ted  t o  be adesua-te .  
Three  p e r i o d s  a day of 2 hours each  are also set  a s i d e  f o r  
e a t i n g ,  hygiene ,  e x e r c i s e ,  and housekeeping.  R e s t  and 
r e c r e a t i o n  ( R & R )  i s  assumed to  b e  a d e q u a t e l y  provided  by t h e  
s l e e p  p e r i o d ,  swing t i m e ,  s h o r t  b r e a k s  between work t a s k s ,  
e a t  and e x e r c i s e  p e r i o d s ,  and one day o f f  i n  seven ,  d u r i n g  which, 
a s  a matter of p o l i c y ,  no r o u t i n e  or  n o n e s s e n t i a l  work i s  
pc-L-formed. As crews g e t  smaller w e  s h a l l  look  f o r  t h e  impact 
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of work l o a d s  on R & R .  The assignment  of 1 4  h o u r s  t o t a l  
p e r  man f o r  p e r s o n a l  maintenance may r e s u l t  i n  l a r g e  
crews having  s h o r t  p e r i o d s  o f  s p a r e  P.M. t i m e  which c a n  
be used f o r  a d d i t i o n a l ,  un requ i r ed ,  s h o r t  d u r a t i o n  w o r k  t a s k s  
and i n  small  crews u s i n g  t h e  s p a r e  P.M. t i m e  f o r  a r e s p i t e  from 
a s s i g n e d  d u t i e s .  

C .  - Solar Astronomy ( A  major ,  manned p a r t i c i p a t i o n ,  
SA&T a c t i v i t y )  

A s  crews g e t  s m a l l e r  t h e  t i m e  a v a i l a b l e  f o r  so la r  
astronomy w i l l  d e c r e a s e .  Modi f i ca t ion  of t h e  equipment ,  
t e c h n i q u e s ,  o r  bo th  w i l l  be  r e q u i r e d  if such  o b s e r v a t i o n s  
a r e  t o  be  made w i t h  s a t i s f a c t o r y  f requency .  

A s  e n v i s i o n e d  f o r  t h e  6-man Reference  Miss ion ,  so la r  
astronomy o b s e r v a t i o n s  w e r e  t o  t ake  p l a c e  f o r  t w o  s u c c e s s i v e  
o r b i t s  ( 3  h o u r s )  on  each  of t h e  t h r e e  s h i f t s .  One might  t h i n k  
t h a t  i f  round-the-clock o p e r a t i o n  w e r e  n o t  b a s e l i n e d ,  t h e  same 
amount of so la r  o b s e r v a t i o n  could  be  compressed i n t o  t w o  s h i f t s  
by s imply  l eng then ing  t h e  o b s e r v a t i o n  p e r i o d  i n  each  s h i f t  t o  
4 . 5  hour s .  A s  w e  s h a l l  see, thouqh,  th&s i s  ra re ly  p o s s i b l e .  
With t h e  l e n g t h y  medica l  r equ i r emen t s ,  a d d i t i o n a l  u n i n t e r -  
r u p t e d  p e r i o d s  of 4 . 5  hours  w i l l  be  very  rare;  and t h e  
a v a i l a b i l i t y  of t w o  men f o r  t h i s  l e n g t h  of t i m e ,  t o  hand le  t h e  
h i g h e r  work l o a d s  of a c t i v e  sun o r  f l a r e  s t u d i e s ,  w i l l  be  non- 
e x i s t e n t .  

While it is  d e s i r e d  t o  have t w o  men c o n c u r r e n t l y  a v a i l -  
a b l e  f o r  s o l a r  astronomy whenever p o s s i b l e ,  much of t h e  t i m e ,  
d u r i n g  p e r i o d s  of q u i e t  sun ,  on ly  one man w i l l  be  needed. 
S i n c e  t h e  Qu ie t  Sun t a s k  should n o t  r e q u i r e  a s p e c i a l i s t ,  it can  
be a l t e r n a t e d ,  f o r  v a r i e t y ,  between t h e  t w o  men, and t h e  one n o t  
so occupied  can  per form o t h e r ,  swing-time t a s k s .  

D.  R o l e  o f  a C o m p t e r  

I n  a d d i t i o n  t o  checkout  and c o n t r o l  of  exper iments  
and o t h e r  sys tems,  a n  onboard computer c o u l d  keep t r a c k  of  
r e g u l a r ,  c y c l i c a l  a c t i v i t i e s ,  such as  p e r s o n a l  maintenance 
and so la r  astronomy,  so t h a t  crew a v a i l a b i l i t y  c o u l d  always 
be de termined  f o r  a t i m e  and j o b  of i n t e r e s t .  I n  f a c t ,  t h i s  
may be  more r e p r e s e n t a t i v e  of a computer ' s  f u n c t i o n  t h a n  t h e  
Q s u a l l y  assumed, d e t a i l e d  pre-mission o r  r ea l  t i m e  exper iment  
s c h e d u l i n g .  
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The b i g  p r o v i s o  h e r e ,  though,  i s  t h a t  t h e  computer 
would o n l y  be  as  u s e f u l  a s  t h e  c r e w  made i t .  The c r e w  might 
f i n d  keeping t h e  computer informed about  s chedu le  changes and 
exper iment  s t a t u s  t o  be  more b o t h e r  t h a n  it was worth.  The 
n e c e s s a r y  i n p u t  d a t a  would then  be  m i s s i n g ,  u n l e s s  t h e  computer 
had a n  independent  way of knowing who had how much s l e e p ,  how 
much f i l m  had been used,  what exper iments  w e r e  removed from 
s t o r a g e ,  comple ted ,  and r e t u r n e d ,  e tc .  

E.  The Work Day 

I n  t h i s  s tudy  a w o r k  day of so many hour s  means t h a t  
a man i s  a v a i l a b l e  f o r  ass ignment  t o  nonpersonal  maintenance 
f u n c t i o n s  f o r  t h a t  many hour s  p e r  day. For  example,  e i g h t  
hour s  f o r  s l e e p  and s i x  hour s  f o r  e a t i n g ,  hyg iene ,  e x e r c i s e ,  
housekeeping,  e t c . ,  l e a v e s  a work day of t e n  h o u r s ,  t h e  s t a n d a r d  
h e r e i n .  Th i s  work t i m e  must cove r  scheduled  and normal lv  unscheduJ.ed 
e v e n t s ,  b u t  n o t ,  of c o u r s e ,  emergencies .  Normally unscheduled 
e v e n t s  i n c l u d e  such t h i n g s  as so l a r  f l a r e s  (of  impor tance  less  
t h a n  2 )  and n o n c r i t i c a l  repairs  ( i n c l u d e s  most a n t i c i p a t e d  
r e p a i r s ) .  

I f  a man wishes ,  a t  some t i m e ,  t o  w o r k  l o n g e r  t h a n  
h i s  nominal work  day ,  assuming t h e  t a s k  i s  n o t  of an emergency 
n a t u r e ,  independent  a t t e n t i o n  (pe rhaps  t h a t  of t h e  c r e w  commander 
would be s u f f i c i e n t )  should  be  p a i d  t o  h i s  s t a g e  of  f a t i g u e  and/or  
h i s  p r e v i o u s  work / r e s t  h i s t o r y  b e f o r e  he  i s  a l lowed to do so. 
Bes ides  t h e  obvious advantages t o  h i s  h e a l t h  i n  n o t  be ing  
o v e r s t r e s s e d ,  he must b e  i n  c o n d i t i o n  t o  s a t i s f a c t o r i l y  perform 
t h e  minimum l e v e l  of r o u t i n e  w o r k  t a s k s  subsequen t ly  expec ted  
of him. While t h e s e  r o u t i n e  t a s k s  w i l l  p robably  r e q u i r e  less 
t i ze  t h a n  h i s  normal w o r k  day a v a i l a b i l i t y ,  t h e y  are e s s e n t i a l  
t o  t h e  s u c c e s s  of t h e  miss ion  ( s i n c e  t h e y  c o n s i s t  o f , f o r  exam- 
p l e ,  x hours  of medical  tests r e q u i r e d  f o r  good s t a t i s t i c a l  
s u p p o r t  of ex tend ing  f l i g h t  d u r a t i o n s  p l u s  y hour s  of  SA&T 
s u p p o r t  necessa ry  t o  keep t h e  l a r g e l y  automated programs 
f u n c t i o n i n g  p r o p e r l y ) .  If he shou ld  d e s i r e  t o  p u t  i n  less 
t h a n  t h e  r e q u i r e d  t i m e  (x+y)  on any p a r t i c u l a r  day ,  a g a i n  
independen t  a u t h o r i z a t i o n  should be  r e q u i r e d .  

I V .  M u l t i - D i s c i p l i n a r y  Missions w i t h  D i f f e r e n t  C r e w  S i z e s  

The c a p a b i l i t i e s  of crews ranging  i n  s i z e  from one 
man t o  seven  (and up)  t o  perform a m u l t i - d i s c i p l i n a r y  e a r t h  
o r b i t a l  mis s ion  are summarized i n  t h i s  S e c t i o n  and examined i n  
d e t a i l  i n  t h e  Appendix. A four-hour  medica l  program i s  used 
f o r  t h e  p r i n c i p a l  a n a l y s i s .  The six-man c r e w  and three-man 
c r e w  are t h e n  r e c o n s i d e r e d  on t h e  b a s i s  of t h e  2 . 5  t o  3 . 3  
hour ,  reduced  medica l  program, d e s c r i b e d  i n  S e c t i o n  I I I A .  
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Inc luded  i n  t h e  Appendix a r e  F igu res  d e p i c t i n g  s c h e d u l e s ,  
da ta  summaries and comments i n  t h e  same fo rma t  as f o r  t h e  
Reference  Mission i n  S e c t i o n  11. 

A.  Six-Man C r e w ,  Four-Hour rdedical 

T h i s  m i s s i o n  i s  e s s e n t i a l l y  t h e  same a s  f o r  t h e  
Reference  Miss ion ,  e x c e p t  t h a t  i t  i s  c o n f i g u r e d  around a f o u r -  
hour  r a t h e r  t h a n  a 4 %  hour  m e d i c a l  program, f o r  ease of com- 
p a r i s o n  of six-man crews w i t h  o t h e r  crew s i z e s .  The d i f f e r e n c e s  
i n  d e t a i l  between t h i s  and t h e  Reference  Fl iss ion c a n  be s e e n  
by comparing t h e  a s s o c i a t e d  schedule  and d a t a  s h e e t s  ( S e c t i o n  
11, F i g u r e  3 and t h e  Appendix, F i g u r e  5 ) .  

One major change t h a t  cou ld  be  accommodated by t h i s  
s i z e  c r e w ,  w i t h  t h e  s l i g h t l y  s h o r t e r  medica l  program, i s  a n  
i n c r e a s e  i n  t h e  component f a i l u r e  r a t e  ( r educed  r e l i a b i l i t y  
r equ i r emen t )  t o  t h e  o r d e r  of t w o  o r  t h r e e  p e r  week i n s t e a d  o f  
one p e r  week. Swing t i m e ,  which had been i n c r e a s e d  by t h e  
reduced  medica l  r equ i r emen t ,  could  t h e n  be used f o r  t h e  a d d i t i o n a l  
main tenance .  

B. Other  S i z e  C r e w s ,  Four-Hour l l ed ica l  

One-Man C r e w  

. A l e n g t h y ,  s o l i t a r y  mis s ion  i s  p robab ly  f e a s i b l e ,  b u t  
r e q u i r e s  maximum p r a c t i c a l  s a f e t y  measures  and au tomat ion .  

. The p r i n c i p a l  r o l e  of the c r e w  i s  maintenance and d a t a  
a s s u r a n c e .  

. A busy work day ( 1 0 - 1 2  h o a r s j  would i f ic lude  c e r t a i n  
t a s k s  on r e g u l a r ,  p r e a r r a n g e d  b a s i s  and o t h e r s  as  t i m e  and 
p r e f e r e n c e  pe rmi t .  

. Medical exper iments  would be l i m i t e d  t o  s i m p l e ,  s e l f -  
a d m i n i s t e r e d  t a s k s .  

. Monitor ing of medical s t a t u s  i s  i n c r e a s e d ,  b u t  
h a r d w i r e  c o n n e c t i o n s  are  avoided.  

. An animal  t e s t  program i s  l i k e l y ,  f o r  data  on e x t e n s i o n  
of zero-g f l i g h t  (and f o r  companionship) .  

. S t i l l ,  t h e  r a t e  of q u a l i f i c a t i o n  of man f o r  extended 
f l i g h t s  c o u l d  s u f f e r  due t o  l i m i t e d  medica l  s t a t i s t i c s .  
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Two-Man C r e w  - 

. The p r i v a c y  requi rement  would be a major f a c t o r .  I t  
cou ld  be s a t i s f i e d  most on a s t a g g e r e d ,  b u t  s t i l l  p a r t i a l l y  on a 
s imul t aneous ,  s l e e p  schedu le .  

. A s t a g g e r e d  schedule  p r o v i d e s  more round-the-clock 
s u p p o r t ,  b u t  r e q u i r e s  more equipment m o d i f i c a t i o n  f o r  one-man 
o p e r a t i o n .  I n  e i t h e r  case more au tomat ion  i s  r e q u i r e d  t h a n  f o r  a 
six-man c r e w .  

. A ten-hour  work day now seems adequa te .  The s c h e d u l e  
would be  more s t r u c t u r e d  t h a n  i n  t h e  one-man case s i n c e  t h e  men 
must i n t e r a c t .  

. Medical t e s t i n g  could  be  t h e  same as f o r  t h e  six-man 
c r e w .  Q u a l i f i c a t i o n  of man f o r  ex tended  f l i g h t  cou ld  be  con- 
s i d e r a b l y  f a s t e r  t h a n  f o r  one-man c r e w ,  b u t  s t i l l  i s  s t a t i s t i c a l l y  
l i m i t e d .  

Three-Man C r e w  

. Three men c o u l d  undergo t h e  same t y p e  OE medica l  t e s t i n g  
a s  a six-man c r e w .  

. Nominal A c t i v e  Sun o b s e r v a t i o n s  cou ld  o n l y  be con- 
d u c t e d  on one s h i f t  p e r  day ,  due  t o  two-man-ava i l ab i l i t y  problem. 

. The work s c h e d u l e  would be packed,  s i n c e  t h e  Busy 
Day of t h i s  crew cou ld  come c l o s e  t o  meet ing  t h e  Minimum Day 
t i m e  r equ i r emen t s  of a six-man crew (18 hour s  vs.  20  h o u r s ) .  
Con t ingenc ie s  would be most unwelcome and d i s r u p t i v e ,  however. 

. A t h r e e - s h i f t  s l e e p  s c h e d u l e  (one man a s l e e p  on each  
s h i f t ,  1-1-1) p r o v i d e s  l e s s  round-the-clock s u p p o r t  of non- 
med ica l  SA&T t h a n  a 2-0-1 s l e e p  schedu le .  

. The 1-1-1 schedu le  may o b v i a t e  t h e  c r e w  d i v i s i v e n e s s  
problem commonly a n t i c i p a t e d  w i t h  a three-man c r e w .  

. Extended- f l igh t  s t a t i s t i c s  are  becoming a c c e p t a b l e .  

Four-Man C r e w  

Two s t a n d a r d  schedu les  and one unusual  arrangement  
a r e  examined: 
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. F o u r  men on a 1-1-2  schedi13e p r o v i d e  Tore one-man t i m . e  
b u t  no more two-man t i m e  t h a n  t h r e e  men on a 1-1-1 schedu le .  The 
p r i n c i p a l  g a i n  i s  more f l e x i b i l i t y  f o r  hand l ing  i n t e r r u p t i o n s  hy 
cont ingency  a c t i v i t i e s .  

. A 2-0-2 s c h e d u l e  p rov ides  enough two-man t i m e  t o  
e n a b l e  accompl ishnent  of almost a l l  t h e  Minimum Day, non- 
medical  a c t i v i t i e s  of t h e  six-man Reference  Mission.  

. The m o s t  i n t e r e s t i n g  s c h e d u l e  would be a v a r i a n t  o f  
one of t h e  above (p robab ly  t h e  f i r s t ) ,  i n  which t h e  f o u r t h  man 
would be  f r e e  t o  s l e e p  and work  when he  f e l t  l i k e  i t  and would 
be r e l i e v e d  of medica l  tes t  requi rements .  T h i s  f r e e - f l o a t e r  job 
p o s i t i o n  would p r o v i d e  t h e  maximum p o s s i b l e  cont i i ;gency  s u p p o r t .  
A l s o ,  r o t a t i n g  i t  among t h e  crew on a weekly b a s i s  would s e r v e  
each  man as a welcome break  from t h e  p o s s i b l e  monotony of space  
l i f e ,  and would e n a b l e  each  man t o  be inc luded  i n  t h e  medica l  
s t a t i s t i c s ,  s i n c e  he  would only  m i s s  one week  i n  f o u r  of t e s t i n g .  

Five-Man C r e w  

. The schedu le  cou ld  resemble t h a t  of t h e  six-man crew, 
e x c e p t  f o r  t h e  one man, on the ave rage ,  u s u a l l y  l e f t  unass igned  
t o  connec ted  t y p e  a c t i v i t i e s .  The c r e w  c a n  hand le  t h e  non- 
medical Minimum Day a c t i v i t y  of  t h e  six-man crew, b u t  n o t  i t s  
Hectic Day. 

. Again,  a more i n t e r e s t i n g  a r rangement  would p robab ly  
be t o  have f o u r  of t h e  men o n  a 2-0-2 s c h e d u l e ,  and t h e  f i f t h  
o p e r a t i n g  f r e e - f l o a t e r  s t y l e ,  b u t  s l e e p i n g  when t h e  o t h e r s  
d i d n ' t ,  on t h e  second s h i f t .  R o t a t i o n  would a g a i n  be  used 
t o  p rov ide  d i v e r s i o n  and i n t e r e s t  t o  t h e  c r e w .  

Seven-Man (and up)  C r e w s  

C r e w s  o f  l a r g e r  s i z e  t h a n  s i x  can have s c h e d u l e s  
w i t h  more f l e x i b i l i t y ,  improved c o n t e n t ,  or b o t h ,  compared 
t o  t h e  Reference  Mission.  The number and v a r i e t y  of  t e c h n i c a l  
a c t i v i t i e s  cou ld  be i n c r e a s e d ;  o r  t h e  d e g r e e  of  au tomat ion  
c o u l d  be  reduced ,  w i t h  more r e l i a n c e  on manned p a r t i c i p a t i o n  
th rough  onboard m o d i f i c a t i o n  of exper iment  s e t u p s  and p rocedures .  
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C .  2.5-3.3 Hour Medical 

Six-Man C r e w  

On t h i s  s chedu le  n ine  hour s  of swing t i m e  a r e  
e f f e c t i v e l y  added t o  t h e  n i n e  p r e v i o u s l y  a v a i l a b l e  when 4 . 5  
hours  of medica l  t e s t i n g  p e r  day p e r  man were r e q u i r e d .  
':'he b e n e f i t s  are  a s  might be  expec ted :  Cont ingency a c t i v i t i e s  
a r e  more r e a d i l y  suppor t ed ,  more SALT c a n  be  preprogrammed 
or  done on a r ea l  t i m e  b a s i s ,  and crew i n t e r e s t  shou ld  be 
s t i m u l a t e d  by t h e  g r e a t e r  v a r i e t y  of t a s k s  p o s s i b l e .  A l s o ,  
more f l e x i b i l i t y  c a n  be  b u i l t  i n t o  t h e  s c h e d u l i n g  of  s h o r t  
d u r a t i o n  t a s k s ,  such as S t e l l a r  Astronomy and E a r t l i  Looking; and 
s p e c i a l i s t  t a l e n t s  c a n  be  more r e a d i l y  brought  i n t o  p l a y ,  by 
having  t h e  same man per form r e p e t i t i v e  or  s i m i l a r  t a s k s  i n  t h e  
same f i e l d .  

Three-Man C r e w  

The Minimum Day i s  o n l y  one hour  s h o r t  of meet ing 
t h e  non-medical Minimum Day requi rements  of t h e  Reference  
Mission.  On t h e  2-0-1 schedu le  p r e s e n t e d ,  two-man so l a r  
o b s e r v a t i o n  t a s k s  cou ld  o n l y  be suppor t ed  on one s h i f t ,  though,  
i n s t e a d  of on t h e  p r e f e r r e d  t h r e e .  A 1-1-1 s c h e d u l e  might  
a l l o w  t w o  s h i f t s  of two-man s u p p o r t ,  a s  w e l l  as o b v i a t e  
t h e  p o t e n t i a l  two-vs.-one p s y c h o l o g i c a l  problem. 

If t h e  A c t i v e  Sun o r  F l a r e  modes cou ld  be des igned  
f o r  one-man o p e r a t i o n ,  t h i s  crew cou ld  p r a c t i c a l l y  m e e t  a l l  
t h e  t e c h n i c a l  o b j e c t i v e s  of t h e  Reference  Miss ion .  

V .  Genera l  A n a l v s i s  and R e s u l t s  

E f f i c i e n c y  o r  e f f e c t i v e n e s s ,  which w e  u s e  synonymously, 
c a n  be  ev idenced  i n  a t  l eas t  t h e  two f o l l o w i n g  ways. There can  
be an  a c t u a l  s h o r t e n i n g  of t h e  t i m e  it t a k e s  t o  complete  t a s k s ,  
o r  t h e r e  can  b e  an  i n c r e a s e  i n  t h e  number of exper iment  hours  
completed i n  a s p e c i f i e d  t i m e .  The former imp l i e s  f l e x i b l e  
performance t i m e s  f o r  g i v e n  t a s k s ;  t h e  l a t t e r  imp l i e s  f i x e d  
performance t i m e s ,  b u t  f u l l e r  u t i l i z a t i o n  of t h e  a v a i l a b l e  
work t i m e .  
on t h e  s p e c i f i c  t a s k s  b e i n g  c o n s i d e r e d .  A s  w e  s h a l l  see t h e  
l a t t e r  i s  more amenable t o  a n a l y s i s  t h a n  t h e  former.  

These processes a r e  mutua l ly  e x c l u s i v e  ana  depend 
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W e  c a n  i n q u i r e  as t o  crew s i z e  e f f e c t i v e n e s s  i n  bo th  
open-end and c losed-end  mis s ions .  By "open-end" w e  mean t h a t  
t h e  contempla ted  end of t h e  miss ion  i s  s u f f i c i e n t l y  remote t o  
have no e f f e c t  on c u r r e n t  a c t i v i t i e s .  The work load  i s  always 
l a r g e  compared t o  what can  be done i n  a t i m e  o f ,  s a y ,  s e v e r a l  
months. "Closed-end",  t h e n ,  means t h a t  t h e  mis s ion  d u r a t i o n  i s  
s u f f i c i e n t l y  s h o r t  and t h e  payload s u f f i c i e n t l y  l i m i t e d  t o  have 
an e f f e c t  on t h e  p l ann ing  and conduct  of  c u r r e n t  a c t i v i t i e s .  
A s  a p r a c t i c a l  m a t t e r  i t  may be n e c e s s a r y  t o  t r e a t  i n t e n d e d  
open end ,  l ong  d u r a t i o n ,  e a r t h  o r b i t a l  m i s s i o n s  a s  a series of 
c losed-end  m i s s i o n s ,  a s  l i m i t e d  by t h e  p e r i o d s  and payload  
c a p a c i t i e s  of  r e s u p p l y  f l i g h t s  and v e h i c l e s .  For t h i s  s t u d y ,  
however, w e  s h a l l  c o n s i d e r  both t y p e  mis s ions  t o  be p o s s i b l e .  

For t h c . p u r p o s e  of e v a l u a t i n g  crew e f f e c t i v e n e s s ,  a 
u s e f u l  s i m p l i f i c a t i o n  of t h e  d i f f e r e n c e  between t h e  t w o  t y p e s  
of m i s s i o n s  i s  t h a t :  on a n  open-end m i s s i o n ,  i f  e f f i c i e n c y  goes  
up more work can  be done; on  a c losed--end m i s s i o n ,  i f  e f f i c i e n c y  
goes  up t h e  mis s ion  c a n  be completed soone r .  I n  b o t h  cases w e  
a t t e m p t  t o  c o n t i n u a l l y  p rov ide  work t o  f i l l  t h e  a v a i l a b l e  t i m e  
and c r e w  c a p a b i l i t i e s ;  and w e  a t t e m p t  t o  de te rmine  how much 
c a n  be done p e r  man and p e r  p e r i o d  of t i n e  as  a f u n c t i o n  of c r e w  
s i z e .  However, t h e  t w o  views of  e f f e c t i v e n e s s  mentioned 
ea r l i e r  pose  t h e  fo l lowing  problems f o r  a g e n e r a l  a n a l y s i s :  

N o t  a l l  t a s k s  a r e  amenable t o  a c c e l e r a t e d  
comple t ion ,  e . g . ,  c e r t a i n  a s t ronomica l  and 
b i o l o g i c a l  o b s e r v a t i o n s  w i l l  r e q u i r e  f i x e d  
o r  r e g u l a r  performance p e r i o d s  and t i m e s .  

Where a c t i v i t i e s  c a n  b e  speeded up, t h e i r  
e a r l y  comple t ion  won ' t  n e c e s s a r i l y  p r o v i d e  
enough t i m e  f o r  t h e  performance of a d d i t i o n a l  
t a s k s .  More l e i s u r e  i s  t h e r e b y  provided--  
b u t  does  t h i s  q u a l i f y  f o r  an improved e f f e c t i v e -  
n e s s  r a t i n g ?  

Where e f f i c i e n c y  goes  down, i n  some c a s e s ,  as  
where t a s k s  can  be i n t e r r u p t e d  w i t h o u t  impact ,  
p a r t i a l  c r e d i t  c o u l d  be g i v e n  f o r  p a r t i a l  pe r -  
formance. I n  o t h e r  cases p a r t i a l  performance 
cou ld  be w o r t h l e s s .  Then t r a d e o f f s  would be 
r e q u i r e d  between t a s k  comple t ion  and impact ing  
p e r s o n a l  maintenance o r  o t h e r - t a s k  t i m e .  
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( 4 )  4 major problem w i t n  closed-end mis s ions  i s  
t h a t  if t a s k s  a r e  completed f a s t e r  t han  a t  t h e  
prep lanned  r a t e ,  u n f i l l e d  gaps  i n  t h e  schedu le  
w i l l  occu r  i n c r e a s i n g l y  towards t h e  end of t h e  
mis s ion .  T h i s  cou ld  be minimized by an  i n i t i a l  
ove r supp ly  of exper iments ,  a t  a to-be-determined 
impact t o  s t o r a g e  and l o g i s t i c s  c a p a b i l i t i e s .  
T o  some e x t e n t ,  non- idea l i zed  open-end mis s ions  
would have t h e  same problem w i t h  t h e i r  l o g i s t i c s  
supply .  

Someday, pe rhaps ,  a s o p h i s t i c a t e d  approach t o  
e f f e c t i v e n e s s  e v a l u a t i o n  can  be deve loped .  Perhaps i t  w i l l  
o f f e r  a p r o b a b i l i t y  a n a l y s i s  of t h e  chances  t h a t  d i f f e r e n t  
c r e w  s i z e s  under  v a r i o u s  c o n d i t i o n s  would have of meet ing a 
d e f i n e d  set  of o b j e c t i v e s  or  o t h e r  performance c r i t e r i a .  For 
now, however, w e  o f f e r  t h e  fo l lowing  a d m i t t e d l y  a r t i f i c i a l ,  b u t  
r e l a t i v e l y  s imple  scheme: 

Accomplishment f o r  bo th  open-end and c losed- -end  
mis s ions  i s  measured i n  t e r m s  of comple t ion  of so 
many "exper iment  hours!: ( u s e f u l  hour s  of  expe r imen ta l  
measurements o r  experiment  r e l a t e d  work) , whether  
done a u t o m a t i c a l l y  o r  w i t h  manual a s s i s t a n c e .  (On 
a manned m i s s i o n  t h e  s u c c e s s f u l  performance of a u t o -  
mated exper iments  i s  assumed t o  h inge  on t!ie a s s i s t a n c e  
o f  man.) Acce le ra t ed  performance i s  n o t  c o n s i d e r e d ;  
a l l  t a s k s  t a k e  f i x e d  t i m e s  and on ly  i n c r e a s e d  u t i l i -  
z a t i o n  of a v a i l a b l e  t i m e  i s  e v a l u a t e d .  An exper iment  
hour performed on  one j o b  has  t h e  same v a l u e  as  a n  
exper iment  hour o n  any o t h e r  j o b ,  even i f  t h e  job 
d u r a t i o n s  a r e  d i f f e r e n t ,  t h e i r  i n t r i n s i c  wor ths  are  
d i f f e r e n t ,  and t h e i r  p a r t i a l  comple t ions  have o r  have 
no v a l u e .  

Now w e  can  i n q u i r e  as t o  t h e  ra tes  a t  which d i f f e r e n t  
s i z e  crews complete  experiment  h o u r s ,  t h e  cumula t ive  experiment-  
hour  o u t p u t s  as a f u n c t i o n  of t i m e ,  and t h e  t o t a l  t i m e s  
r e q u i r e d  t o  complete  any g iven  numbers of exper iment  hours .  
I n  p r a c t i c e  t h e s e  w i l l  depend on t h e  work t a s k s '  manpower r e q u i r e -  
ments ,  o p e r a t i n g  p rocedures ,  and s c h e d u l a b i l i t y ,  and w i l l  t a k e  i n -  
t o  c o n s i d e r a t i o n  p r i o r i t y  ( w o r t h ) ,  t i m e l i n e s s  ( e a r l y  or round- 
the -c lock  p e r f o r m a n c e ) ,  and f a c i l i t y  a v a i l a b i l i t y  (everybody 
c a n ' t  do medica l  tes ts  o r  e x e r c i s e  a t  t h e  s a m e  t i m e ) .  C e r t a i n  
f i x e d  c h a r a c t e r i s t i c s  of t h e  r e q u i r e d  t a s k s  may i n t e r f e r e  w i t h  
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f u l l  s chedu l ing .  We would p r e f e r  t o  be al lowed t o  a l t e r  t h e  
t a s k s  t o  match t h e  a v a i l a b l e  t i m e  ana manpower. Both s i t u a t i o n s  
a r e  examined i n  F i g u r e  4 ,  which g r a p h i c a l l y  p r e s e n t s  some 
q u a l i t a t i v e  a s p e c t s  of t h e  crew e f f e c t i v e n e s s  problem. 

F i g u r e  4 ( a )  r e p r e s e n t s  t h e  Reference  lllission s i t u a t i o n ,  
where some of t h e  a c t i v i t i e s  necessary  t o  m e e t  t h e  program 
o b j e c t i v e s  r e q u i r e  t w o  men f o r  t h e i r  performance.  I n  t h a t  
s i t u a t i o n  one- o r  two-man crews w i l l  be  r e l a t i v e l y  i n e f f e c t i v e  
a t  g e t t i n g  t h e  d e s i r e d  w o r k  done. P o i n t  B a t  a c r e w  s i z e  of 
abou t  s i x  ( f o r  which t h e  experiment  program w a s  o r i g i n a l l y  
s l a n t e d )  r e p r e s e n t s  t h e  maximum l e v e l  of e f f e c t i v e n e s s .  A t  
t l i a t  c r e w  s i z e  a l l  d e s i r e d  two-man t a s k s  c a n  be  performed.  
The c r e w  i s  s t i l l  s m a l l  enough so t h a t  t h e  men do n o t  g e t  i n  
each  o t h e r ' s  way; o r g a n i z a t i o n a l  problems do  n o t  y e t  begin  t o  
t a k e  ho ld .*  With larger  crews o r g a n i z a t i o n a l  f a c t o r s  become 
more i n f l u e n t i a l ,  making t h e i r  o u t p u t  r a t e  a s y m p t o t i c a l l y  
approach some lesser l e v e l ,  i n d i c a t e d  by C on t h e  cu rves .  

F i g u r e  4 ( b )  shows the cumula t ive  work o u t p u t  based 
on t h e  ra tes  of 4 ( a ) .  Cumulative o u t p u t  i n c r e a s e s  s lowly  w i t h  
s m a l l  crews, r a p i d l y  through n i d d l e  s i z e  crews, and t h e n  
a s y m p t o t i c a l l y  t o  an i n t e r m e d i a t e ,  c o n s t a n t  r a t e  as c r e w s  
g e t  ve ry  b i g .  I f  w e  want t o  know t o t a l  o u t p u t  over  a s p e c i f i e d  
number of days  w i t h  d i f f e r e n t  s i z e  crews, and t h e  a v a i l a b i l i t y  
of ex2eri inents  i s  n o t  a l i m i t i n g  f ac to r ,  a s imple  conve r s ion  
of t h e  o r d i n a t e  of F i g u r e  4 ( b )  t o  "exper iment  hour s  p e r  t h e  
number of days of  i n t e r e s t ' '  would pe rmi t  t h a t  i n t e r p r e t a t i o n .  

F i g u r e s  4 ( c )  and ( d )  show what happens i f  w e  pe rmi t  
expe r imen t s  t o  be  modi f ied  so t h a t  no more t h a n  one man i s  
r e q u i r e d  f o r  any a c t i v i t y ,  i n c l u d i n g  medical  t e s t i n g .  While 
t h e  e f f e c t i v e n e s s  of s m a l l  crew performance goes  up,  it w i l l  
s t i l l  be less t h a n  ave rage  i f  w e  r e g a r d  Modif ied Watch and 
Repa i r  as d i s t i n c t  f r o m  experiment  s u p p o r t .  Again,  e f f e c t i v e -  
n e s s  would improve as  c r e w  s i z e  i n c r e a s e d ,  s i n c e  the o p e r a t i o n a l  
t a s k s  w e r e  be ing  s h a r e d  among more men, u n t i l  t h e  o r g a n i z a t i o n a l  

* A s  crews and exper iment  programs grow l a r g e r ,  t h e  i n c r e a s i n g  
l i k e l i h o o d  of c o n f l i c t i n g  demands f o r  equipment ,  s p a c e ,  and 
computer and o t h e r  means of exper iment  s u p p o r t  w i l l  create a 
need f o r  one or  more men i n  s e p a r a t e  management ro les .  While 
t h e  management p e r s o n n e l  c o n t r i b u t e  t o  t h e  o r d e r l y  conduct  of 
onboard a c t i v i t i e s ,  t h e i r  s u b t r a c t i o n  from t h e  manpower pool 
w i l l  r e s u l t  i n  some loss  of average  t i m e  p e r  man a p p l i e d  t o  
exper iment  t a s k s .  T h i s  or any o t h e r  d e c r e a s e  i n  e f f i c i e n c y  
r e s u l t i n g  f r o m  a n  i n c r e a s i n g l y  complex o r g a n i z a t i o n  i s  what w e  
mean by " o r g a n i z a t i o n a l  problems. " 
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f a c t o r s  mentioned e a r l i e r  took ove r .  On t h e  o the r  hand,  Plodifiea 
Watch ana Repai r  could  be t r e a t e d  a s  exyer iment  a c t i v i t i e s ,  
s i n c e  t h e y  e n a b l e  performance of t h e  expe r imen t s  through equip-  
ment maintenance and d a t a  a s su rance .  T h i s  would cause  t h e  
accomplishment cu rve  i n  4 ( c )  t o  beg in  somewhere above t h z  
asymptote  r a t h e r  t h a n  below it. 

The t i m e s  necessa ry  f o r  d i f f e r e n t  s i z e  crews t o  
accomplish e q u a l  work  l o a d s  c a n  be  d e r i v e d  from 4 ( b )  o r  ( d )  
and a r e  shown q u a l i t a t i v e l y  i n  t h e  f o l l o w i n g  s k e t c h .  

TIME 
(DAYS) 

NOMINAL CURVE 
(FOR UNIFORM ACCOMPLISHMENT RATE) 

REAL CURVE 

e.g. 3 

CREW SIZE, MEN 

The "nominal curve' '  i s  such t h a t  t h e  t i n e  shou ld  d e c r e a s e  by a 
f a c t o r  of t w o  as t h e  c r e w  s i z e  doub les .  The " r ea l  c u r v e "  shows 
a crossover p o i n t ,  beyond which t h e  c r e w  i s  more e f f i c i e n t  anti 
b e f o r e  which it i s  less e f f i c i e n t  t h a n  nominal.  For  a g i v e n  work 
l o a d ,  d e g r e e  of au tomat ion ,  and t a s k  complexi ty  (number of  men 
r e q u i r e d  p e r  t a s k ) ,  t h e  performance t i m e  r e q u i r e d  w i l l  d e c r e a s e  
w i t h  i n c r e a s i n g  c r e w  s i z e  i n  t h e  manner shown. However, t h e  
accomplishment of l a r g e  workloads i n  s h o r t  t i m e s  i s  l i m i t e d  by 
t w o  obvious  fac tors :  t h e  c a p a c i t y  of t h e  space  s t a t i o n  t o  
accommodate t h e  n e c e s s a r y  crew s i z e s  and t h e  f i n i t e  minimum t ines  
which t a s k s  r e q u i r e  f o r  t h e i r  comple t ion .  
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The degree  of automation i s  an impor t an t  c o n s i d e r a t i o n  
i n  de t e rmin ing  c r e w  s i z e .  I nc reased  au tomat ion  w i l l  p e r m i t  
smaller crews f o r  any g i v e n  work load .  There would t h e n  have t o  
be a t r a d e o f f  of au tomat ion  c o s t s ,  w i t h  t h e i r  a t t e n d a n t  c o s t s  
of d e s i g n i n g  f o r  i n c r e a s e d  r e l i a b i l i t y ,  v e r s u s  crew and s u 2 p o r t  
r equ i r emen t s  cos t s  t o  m e e t  t h e  same o b j e c t i v e s .  T h i s  problem 
would come up w e r e  w e  t o  c o n s i d e r  m o d i f i c a t i o n  of t h e  s o l a r  
astronomy requ i r emen t s  o r  p rocedures  f o r  accomplishment by 
smaller crews, as  sugges t ed  e a r l i e r .  

Fur thermore ,  w e  no te  t h a t  a s  crew s i z e  d i m i n i s h e s  
c e r t a i n  a c t i v i t i e s  become less p r e c i s e l y  d e f i n e d  as  t o  c o n t e n t  
and d u r a t i o n .  As t h e  demand f o r  t h e  l i m i t e d  a v a i l a b l e  time 
i n c r e a s e s ,  a c t i v i t i e s  are  reduced m o r e  and more t o  t h e i r  e s s e n t i a l s  
o r  a r e  modi f ied  t o  m e e t  t i g h t e r  t i m e  budgets :  e . g . ,  Modif ied 
Watch can  beg in  t o  i n c l u d e  o t h e r  u n r e l a t e d  b u t  s h o r t  d u r a t i o n  
a c t i v i t i e s ,  such as  c a l i b r a t i o n  of s t e l l a r  or  e a r t h  look ing  
equipment:  s o l a r  o b s e r v a t i o n s  can  become more l i m i t e d  i n  scope ,  
so t h a t  one o r b i t  may be  cons ide red  s a t i s f a c t o r y  f o r  o b t a i n i n g  
u s e f u l  i n f o r m a t i o n  whereas b e f o r e  two o r b i t s  w e r e  r e q u i r e d ;  solar 
exper iments  may be  modi f ied  so t h a t  one man can  per form a l l  
t h e  necessa ry  o p e r a t i o n s  d u r i n g  a c t i v e - s u n  and f l a r e  p e r i o d s  
whereas  b e f o r e  t w o  men w e r e  r e q u i r e d .  A l s o ,  t a s k s  become less 
p r o f e s s i o n a l  i n  n a t u r e  and more r o u t i n e ,  so t h a t  s p e c i a l i z a t i o n  
may n o t  be r e q u i r e d  and each  man can  o p e r a t e  e f f e c t i v e l y  i n  
more areas. 

F i n a l l y ,  w e  r e p e a t  t h e  obvious  b u t  i m p o r t a n t  obse r -  
v a t i o n  t h a t  a t r a d e o f f  must be made between crew s i z e  and t h e  
ra te  of  q u a l i f i c a t i o n  o f  man f o r  f l i g h t s  of ex tended  d u r a t i o n .  
The urgency of such  q u a l i f i c a t i o n  tests w i l l  o f  c o u r s e  be 
s t r o n g l y  a f f e c t e d  by s p e c i f i c  p l a n s  f o r  manned p l a n e t a r y  
m i s s i o n s .  

1 0  1 5  - SLP- r g h e  S. L .  Penn 

At tachments  
Refe rences  
Appendix 
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APPENDIX 

M u l t i - D i s c i p l i n a r y  Miss ions  With 
D i f f e r e n t  C r e w  S i z e s  

I. Schedules  and D a t a  Summaries 

The t w o  p r i n c i p a l  dev ices  f o r  p r e s e n t i n g  t h e  
f e a t u r e s  of t h e  m u l t i - d i s c i p l i n a r y  programs of d i f f e r e n t  
s i z e  c r e w s  are  t h e  C r e w  I n f l i g h t  Schedule  and t h e  Data 
Summary s h e e t s .  S ince  t h e s e  forms a re  t o  be used i n  con- 
j u n c t i o n  w i t h  t h e  d i s c u s s i o n  m a t e r i a l  t h a t  f o l l o w s ,  t h e y  
a re  e x p l a i n e d  f i r s t .  These p o r t r a y a l s  of i n d i v i d u a l  a s s i g n -  
ments e n a b l e  us  t o  c o n s i d e r  not o n l y  whether  t o t a l  t i m e  
a l l o t t m e n t s  p e r m i t  c e r t a i n  a c t i v i t i e s  t o  be schedu led ,  b u t  
a lso whether  i n d i v i d u a l  a v a i l a b i l i t y  i s  a p p r o p r i a t e .  I n  
a d d i t i o n  t h e y  p e r m i t  u s  t o  begin c o n s i d e r i n g  t h e  p o s s i b l e  
r o l e  of s p e c i a l i s t s  i n  t h e  t a s k  a s s ignmen t s ,  i . e . ,  whether  
c e r t a i n  men can  o r  s!iould end up doing  c e r t a i n  type  t a s k s  
more t h a n  t h e  o t h e r s .  The formats  chosen e n a b l e  a p r a c t i c a l  
a s ses smen t  of how w e l l  balanced t h e  programmed a c t i v i t y  i s  
and whether t h e  t i m e  l e f t  between t a s k s  i s  ample f o r  work 
b r e a k s  o r  e x t r a  a c t i v i t i e s .  

The s c h e d u l e s  pe rmi t  improved v i s i b i l i t y  and a p p l i -  
c a t i o n  of  c e r t a i n  mis s ion  c o n s t r a i n t s ,  such  a s  t h e  ephemeris .  
F i g u r e  3 i s  a case where a f t e r - t h e - f a c t  p r e p a r a t i o n  of a 
s c h e d u l e  f o r  t h e  Reference  Iblission r e v e a l e d  c e r t a i n  i n c o n s i s -  
t e n c i e s  of t a s k  a s s ignmen t s  wi th  t h e  ephemer is ,  as  noted  i n  
t h e  comments of t h e  summary s h e e t  f o r  t h a t  F i g u r e .  S u f f i c e  t o  
p o i n t  o u t  h e r e  t h a t  c a r e  must b e  e x e r c i s e d  t o  schedu le  e a r t h  
l o o k i n g  a c t i v i t i e s  d u r i n g  d a y l i g h t  and s t e l l a r  astronomy d u r i n g  
d a r k  s i d e  p a s s e s  ( u n t i l  expe r i ence  d i c t a t e s  o t h e r w i s e ) .  I f  
e a c h  o r b i t  i s  assumed t o  s t a r t  i n  t h e  middle  of a da rk  s i d e  
p a s s ,  t o  a l low p r e p a r a t i o n  f o r  s o l a r  astronomy o b s e r v a t i o n s ,  
t h e n  e a r t h  l o o k i n g  should  be scheduled  f o r  t h e  middle  of an  
o r b i t  and s t e l l a r  astronomy n e a r  t h e  beg inn ing  or end.  

Each s c h e d u l e ' i s  fol lowed by a d a t a  summary t a b l e ,  
which p r o v i d e s  a view of t h e  i n d i v i d u a l  roles i n  d i f f e r e n t  
a c t i v i t i e s .  The t a b l e  i s  fol lowed by comments on i n t e r e s t i n g  
f e a t u r e s  of t h e  s c h e d u l e ,  t a b l e ,  o r  b o t h .  
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The "Tlinimum Day" concept  a s  used i n  t h e  summaries 
and e l sewhere  i n  t h i s  r e p o r t  i s  t h a t  of  a day which produces 
the bas ic ,  minimum a c c e p t a b l e  d a t a  r e t u r n  i n  t h e  d i f f e r e n t  
d i s c i p l i n e s  t o  j u s t i f y  t h e  m i s s i o n .  The day must be  scheduled  
so t h a t  a s t r o n a u t  t i m e  i s  a v a i l a b l e  t o  s u p p o r t  t h e  f r e q u e n t  
need f o r  h i g h e r  l e v e l s  of manned a c t i v i t y  i n  t o p  p r i o r i t y  
expe r imen t s ,  such as  A c t i v e  Sun or Flare  o b s e r v a t i o n s .  
When t h o s e  h i g h e r  l e v e l s  of a c t i v i t y  a r e  n o t  r e q u i r e d ,  a d d i t i o n a l  
work on o t h e r  SA&T s h o r t  d u r a t i o n  t a s k s  c a n  be performed.  The 
IlIinirmm Day p l u s  t h o s e  "swing-time" a c t i v i t i e s  c o n s t i t u t e  a 
"Busy Day". The swing-time t a s k s  should  he of such a n a t u r e  
t h a t  t h e y  c a n  be  r e a d i l y  suspended,  p r e f e r a b l y  w i t h  l i t t l e  
impact ,  when t h e  need f o r  h i g h e r  p r i o r i t y  a c t i v i t i e s  o c c u r s .  
The p r e s e n c e  of t h e  l a t t e r  t r ans fo rm a Busy Day i n t o  a 
"Hectic Eay" . 

R e s t  and R e c r e a t i o n  ( R & R ) ,  as  accounted  f o r  on t h e  d a t a  
s h e e t s ,  i s  t h e  unusued a v a i l a b l e  work  t i m e  on a Busy Day ( 1 0  
hours  assumed a v a i l a b l e  f o r  work) .  

Data Assurance ( D A ) ,  w h i l e  no t  broken o u t  from SA&T 
i n  t h e  summaries, i s  a c t i v i t y  which e n a b l e s  t h e  performance of 
exper iments  even though n o t  d i r e c t l y  c o n t r i b u t i n g  t o  t! iem.  
:,:edified Watch i s  t h e  pr ime example. C a l i b r a t i o n  of exper iment  
equipment ,  i n c l u d e d  i n  t h e  as t rc i iony  and e a r t h  look ing  t a s k s ,  
and f i l r , ?  p r o c e s s i n g  are ha rde r  t o  c l a s s i f y ,  and p robab ly  l i e  
n e a r  t h e  b o r d e r l i n e  between DA and SALT. 

The s o l a r  astronomy and b i o s c i e n c e  a c t i v i t i e s  when 
used h e r e i n  as t a s k  a c t i v i t y  d e s i g n a t i o n s  r a t h e r  t h a n  g e n e r i c  
d e s c r i p t o r s  a re  p r i m a r i l y  c o n s i d e r e d  as  s u b s t i t u t e s  f o r  t h e  
Q u i e t  Sun and At t end  Specimens a c t i v i t i e s  r e s p e c t i v e l y ,  when 
t h e  l a t t e r  t w o  c a n  n o t  o r  shouid  n o t  be  performed i n  t h e  manner 
i n t e n d e d  f o r  t h e  Reference  Miss ion ,  f o r  which t h e y  were d e f i n e d .  
B i o s c i e n c e  a lso i n c l u d e s  s e v e r a l  a d d i t i o n a l  a c t i v i t i e s  which 
can  be performed d u r i n g  swing-time p e r i o d s ,  i f  d e s i r e d .  

Comparat ive s t a t e m e n t s  on t h e  summary s h e e t s  are 
w i t h  r e s p e c t  t o  t h e  Reference Miss ion  u n l e s s  o t h e r w i s e  s t a t e d .  
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11. Discuss ion  

A. Six-Man C r e w ,  Four-Hour Medical  ( F i g u r e  5 )  

E s s e n t i a l l y  t h e  same a s  f o r  t h e  Refe rence  Miss ion ,  
d i s c u s s e d  ear l ie r  i n  t h e  t e x t  and a t  l e n g t h  i n  Refe rence  2 .  
Some d i f f e r e n c e s  a r e  p o i n t e d  o u t  i n  t h e  comments on t h e  d a t a  
summary s h e e t  f o r  F i g u r e  5. One major  change t h a t  c o u l d  be 
accommodated by t h i s  s i z e  crew, w i t h  t h e  s l i g h t l y  s h o r t e r  
medical program, i s  an  i n c r e a s e  i n  t h e  component f a i l u r e  r a t e  
t o  t h e  o r d e r  o f  two o r  t h r e e  t i m e s  p e r  week i n s t e a d  of  one 
p e r  week, t h e  swing t i n e  now being used  i n c r e a s i n g l y  f o r  main- 
t enance .  



FIGURE 5 - CREW INFLIGHT SCHEDULE 
I4 HR MED. PROGRAM) 

HOURS I 
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PERSONAL MAINTENANCE 
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mj MEDICAL EXPERIMENTS 
S =SUBJECT 
0 = OBSERVER 
L.T. = LABORATORY TECHNICIAN 

I I WORK AVAILABILITY 

A.S. OR F. 
Q.S. =QUIET SUN 
SOL. AS. =SOLAR ASTRONOMY 
ST. AS. =STELLAR ASTRONOMY 
E.L. = EARTH LOOKING 
F.P. = FILM PROCESSING 
M.W. = MODIFIED WATCH 
ATD. SPC. = ATTEND SPECIMENS 
610. =BIOSCIENCE 
SW. TM. =SWING TIME 
R&R = REST & RECREATION 

= ACTIVE SUN OR FLARES 

FIG. 5 

DATA SUMKkRY FOR F I G U R E  5 (HOURS P E R  A C T I V I T Y )  
6 - I u I N  CREW ( 4  HR. MED. P R O G . )  

A C T I V I T Y  -- CREWr*LII; 
I ( S O L .  ST. ATD . sw. 
I i . 1 . ~ .  ?1ED. Q . S .  A S . )  A S .  E . L .  F .P.  S P C .  ( B I O . )  TM. 

T O T A L  

M I N .  BUSY 
DAY DAY 

14 9 4  

84  8+ 

9 9 

6 94 

8 94 

5 9 

R&R 

4 

14 

1 

+5 

4 
1 

~ 

TOTAL 3 2 4  9 11 ( 2 )  

MED 

S A & T  ( + D . A . )  

4 4  55 I 5 ( 2 )  

- 2 4  - 2 4  

2 0  3 1  

- - 

COMMENTS ON SCHEDULE AND DATA SUMMARY 

1) 

2 )  T h e  e x t r a  2 h o u r s ,  of Sw. TPI. and 1 h o u r  of R & R  ( c o m p a r e d  w i t h  R e f e r e n c e  M i s s i o n )  = t h e  3 h o u r s  

3 )  Should 4.s. or  F.  p rec lude  r o u t i n e  p e r f o r m a n c e  of F . P . ,  it would be done du r ing  SW. TM. as 
With a n  a c t i v e  sun ,  t h e r e  w o u l d  o n l y  be 54 hours  of SW. TM. and 4 *  hours  of R & R ,  

C o m p a r e d  w i t h  R e f e r e n c e  Miss ion ,  t h i s  s c h e d u l e  makes more e f f e c t i v e  u s e  of m e n  by occasional ly  
having  " spec ia l i s t "  p e r f o r m  r e p e t i t i v e  t a s k s  i n  S T .  A S . ,  E . L . ,  and ATD. S P C .  

of MED. t i m e  saved. 

convenient .  
,.1 Lh +hn - tmrrn-+ - a - 4 . 4  -6 QIh1 TLI hainn 7 hni7rq. so F.P. ~ h n u l d  be desianed for  i n t e r r u p t e d  
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B. Other  S i z e  C r e w s ,  Four-Hour Medical 

One-Man Crew* (F igure  6 )  

While a one-man crew may be less  t h a n  desirable  from 
soc ia l  and cont ingency  s t a n d p o i n t s  ( l o n e l i n e s s ,  no backup or 
a s s i s t a n c e ) ,  t h e r e  i s  no reason  t o  assume t h a t  a man canno t  
be mot iva t ed  and t r a i n e d  to perform a l e n g t h y ,  s o l i t a r y  
mis s ion  w i t h  adequa te  s a f e t y  and a b o r t  p rocedures  ( e x c e p t ,  
pe rhaps ,  f o r  i n j u r y ) .  On a ofie-man mis s ion  expe r imen t s  
would be automated t o  t h e  maximum e x t e n t  p o s s i b l e ,  
w i t h  p r o v i s i o n  f o r  manned maintenance.  The Reference  Mission 
f a i l u r e  r a t e  of one p e r  week i s  p robab ly  a c c e p t a b l e .  Redundancy 
of s a f e t y  c r i t i c a l  f e a t u r e s  i s  most e s s e n t i a l  h e r e .  

The medica l  program would be l i m i t e d  t o  t es t s  c a p a b l e  
of be ing  s e l f - a d m i n i s t e r e d  and n o t  r e q u i r i n g  a n  o b s e r v e r .  Some 
l a b o r a t o r y  t e c h n i c i a n  t i m e  i s  p robab ly  a c c e p t a b l e .  Medical 
s t a t u s  moni tor ing  i s  probably  needed more t h a n  w i t h  l a r g e r  
crews, and would p r o v i d e  t h e  crewman w i t h  a s s u r a n c e  t h a t  some- 
body down t h e r e  c a r e d  and w a s  watch ing  o v e r  him. Plonitor 
d e v i c e s  would have no hardwire  c o n n e c t i o n s ,  b u t  would t e le -  
m e t e r  d a t a  t o  onboard s t o r a g e  and t r a n s m i t t e r  equipment.  

A b i o s c i e n c e  program w i t h  animal  s u b j e c t s  might  be 
even  more impor t an t  t h a n  w i t h  l a r g e  crews. Such a program 
would p r o v i d e  companionship and e x t e r n a l  i n t e r e s t s  t o  t h e  
crewman as  w e l l  a s  d a t a  on e x t e n s i o n  of zero-g f l i g h t  ( t h e  
an imal  c o u l d  s t a y  i n  o r b i t  when t h e  crew i s  r o t a t e d ) .  

The crewman could  perform l i m i t e d  s u p p o r t  t o  a so la r  
astronomy program of modi f ied  c h a r a c t e r ,  e . g . ,  t h e  Q u i e t  Sun 
xode f o r  a f e w  hour s  a day;  bu t  equipment d e s i g n  and/or  o p e r a t i o n  
would have t o  be  modi f ied  i f  manned s u p p o r t  w e r e  a l so  r e q u i r e d  
f o r  A c t i v e  Sun and F l a r e  modes, s i n c e  t h e s e  are  c u r r e n t l y  s e e n  
as needing  t w o  men. Rout ine  round-the-clock manned s u p p o r t  of 
expe r imen t s  would, of c o u r s e ,  n o t  be p o s s i b l e ;  b u t  so la r  f l a r e s  
of impor tance  t w o  o r  g r e a t e r  might  be worth d i s r u p t i n g  s l e e p  f o r  
because  of t h e i r  r e l a t ive  importance and i n f r e q u e n t  o c c u r r e n c e  
( a b o u t  once a week d u r i n g  t h e  1 9 7 5  t i m e  f rame,  i . e . ,  once eve ry  
3 weeks d u r i n g  h i s  8 hour s l e e p  p e r i o d ) .  

* While c o n s i d e r a t i o n  of a one-man crew may appea r  most ly  
academic a t  t h e  moment, t h e r e  may be  t i m e s  i n  t h e  space  program 
when one-man m i s s i o n s  t a k e  on  more s i g n i f i c a n c e  t h a n  can  be 
c l e a r l y  s e e n  now ( e . g . ,  one man i n  CM do ing  SA&T w h i l e  h i s  
c r e w m a t e s  conduct  ex tended  l u n a r  s u r f a c e  e x p l o r a t i o n ;  or e a r t h  
o r b i t a l  s i m u l a t i o n s  of  one-man l a n d i n g s  on Mars). For t h i s  r e a s o n  
and  f o r  t h e  s a k e  of comple teness  i n  o u r  a n a l y s i s  t h e  d i s c u s s i o n  
o f  t h e  one-man c r e w  i s  pursued.  
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Modified Watch would be conducted twice a day  ( i t e m s  
checked each  t i m e  c o u l d  5e d i f f e r e n t )  i n s t e a d  of  t h r e e  t i m e s  
a s  on t h e  Refe rence  Miss ion .  

I n  c o n c l u s i o n ,  it i s  estimated t:iat a crew o f  
one  would provide a c o n s i d e r a b l e  measure o f  d a t a  a s s u r a n c e  
t o  a complement of  h i g h l y  automated e x p e r i m e n t s ,  b u t  t h o s e  
a c t i v i t i e s  c u r r e n t l y  r e q u i r i n g  t w o  men f o r  t h e i r  performance 
would have t o  b e  a p p r o p r i a t e l y  modi f ied  o r  de le ted .  Kodif i- 
c a t i o n  i s ,  p r o b a b l y ,  g e n e r a l l y  poss ib l e ,  though some med ica l  
t e s t s  would r e q u i r e  d e l e t i o n  ( e . g . ,  t h o s e  where a n  o b s e r v e r  i s  
e s s e n t i a l ) .  Equipment down-times would p robab ly  be i n c r e a s e d ,  
s i n c e ,  w h i l e  m o s t  r e p a i r s  or r ep lacemen t s  may be d e s i g n e d  f o r  
one man, t h e  l a c k  o f  a n  a s s i s t a n t  c a n ,  on o c c a s i o n ,  markedly 
slow t h i n g s  up. S u f f e r i n g  most would be t h e  pace  a t  which man 
i s  q u a l i f i e d  f o r  l ong  t e r m  space  f l i g h t .  Followup f l i g h t s  
would i n c l u d e  s e v e r a l  r e p e t i t i o n s  o f  p r e v i o u s  d u r a t i o n s  b e f o r e  
e x t e n s i o n  c o u l d  t a k e  p l a c e ,  t h e  s t a t i s t i c a l  b a s i s  f o r  drawing 
c o n c l u s i o n s  b e i n g  weak because of t h e  sma l l  sample s i z e s .  



FIGURE 6 -CREW INFLIGHT SCHEDULE. 1 MAN 
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FIG. 6 

DATA SUMMARY FOR FIGURE 6 (HOURS PEE A C T I V I T Y )  
1-MAN CREW (SPECIAL MED. PROG.)  

CREWMAN 

1 

A C T I V I T Y  

(SOL.  S T .  ATD . sw. 
M.W. MED. Q.S. A S . )  AS.  E . L .  F . P .  S P C .  ( B I O . )  TM. 

2 2 3 4 4 ?(I) 2 - 

MED . 
SA&T (+D.A.)  

COMMENTS ON SCHEDULE AND DATA SUMMARY 

T O T A L  

MIN. BUSY 
DAY DAY 

l0(2) l0(2) 

- 2  - 2  

a 8 

- _. 

1) F.P. may present special problems in view of restricted available time. Either it 
can be done, at times, in place of SOL. A S .  or E . L .  and ST. A S . ,  or it can be 
suspended in favor of hard copy return at crew exchange time. 

2 )  Outstanding feature, of course, is the lack of spare time in the nominal day, 
minimum and busy. 

R&R 

- 
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Two-Man C r e w  ( F i g u r e s  7 and 8 )  

On a long  mis s ion  t h e  need f o r  p e r i o d s  of p r i v a c y  
would s e e m  t o  f a v o r  d i s s i m i l a r  s l e e p  schedu les  f o r  a crew of 
two (F ig .  7 ) .  I f  we assume a 24  hour  day and 3 e i g h t  hour  
s h i f t s ,  w e  can see each  man s l e e p i n g  and having  R & R  on a s h i f t  
d i f f e r e n t  from h i s  coworke r ' s  and s h a r i n g  a f o u r  hour work 
p e r i o d  and t w o  P e r s o n a l  Maintenance p e r i o d s  w i t h  h i s  f e l l o w  
crewman on t h e  remain ing  s h i f t .  T h i s  would a l l o w  each  man t o  
perform 4 - 6  hours  of  work wh i l e  t h e  o t h e r  w a s  s l e e p i n g .  

The p e r i o d  of  common work a c t i v i t y  c o u l d  now be  used 
t o  perform medical  exper iments  i n  t h e  same manner a s  i n  t h e  
Reference  Pl iss ion.  The d i f f e r e n c e  i s  t h a t  w i t h  a two-man crew 
1 / 3  as many men would be q u a l i f i e d  f o r  space  f l i g h t  a t  a t i m e .  
S t a t i s t i c s  be ing  p o o r e r ,  w e  might t a k e  l o n g e r  t o  c o m m i t  men 
t o  l o n g e r  f l i g h t s .  I f ,  however, w e  w e r e  w i l l i n g  t o  assume t h a t  
a s t r o n a u t s  are s u f f i c i e n t l y  a l i k e  p h y s i c a l l y  t o  make f a v o r a b l e  
i n f e r e n c e s  from s u c c e s s f u l  l i m i t e d  manpower per formance ,  w e  
c o u l d  a l l o w  one man t o  s t a y  up a t  crew exchange t i m e  and b r i n g  
back t h e  o t h e r  f o r  t e s t i n g ,  t h u s  a c h i e v i n g  l o n g e r  s t a y  t i m e s  
f a s t e r  t h a n  w i t h  one-man crew programs. T h i s  assumes t h a t  one 
man f a i l u r e s  a re  n o t  as  s i g n i f i c a n t  as  s u c c e s s e s ,  s i n c e  a 
f a i l u r e  c o u l d  be  due t o  adve r se  f a c t o r s  which had e x i s t e d  a l l  
a l o n g ,  b u t  w e r e  n o t  d i s c o v e r e d  i n  p r e v i o u s  tests.  

On t h i s  s chedu le  a l l  a c t i v i t i e s  o t h e r  t h a n  medica l  
would have t o  be des igned  f o r  one man per formance ,  t h u s  r e q u i r i n g  
m o d i f i c a t i o n s  s i m i l a r  t o  t h o s e  of  t h e  one-man c r e w  case. SA&T 
exper iment  s u p p o r t  would s t i l l  n o t  be  round- the-c lock;  b u t  
s u p p o r t  f o r  2 /3  day would be f e a s i b l e ,  and r e p a i r s  c o u l d  a l s o  
be  more normally e f f e c t e d ,  two men be ing  a v a i l a b l e  i f  r e q u i r e d .  
A s  a p r a c t i c a l  matter,  Modified Watch would s t i i l  o n l y  be done 
t w i c e  a day ,  d u r i n g  t h e  one-man a c t i v i t y  p e r i o d s .  

A ten-hour  workday i s  now s e e n  as a d e q u a t e ,  s i n c e  t h e  
companionship f a c t o r  would make it less  l i k e l y  t h a t  t h e  men 
become preoccupied  w i t h  themselves  d u r i n g  l e i s u r e  t i m e .  S ince  
t h e  men's s c h e d u l e s  must now i n t e r a c t ,  less freedom i n  t h e i r  
work p l a n n i n g  would be al lowed t h a n  i n  t h e  s i n g l e  man c a s e .  

Of c o u r s e ,  i t ' s  always p o s s i b l e  t h a t  a c o n c u r r e n t  
s l e e p  program c a n  be  worked o u t  which would s t i l l  have a s p l i t  
work s c h e d u l e  p r o v i d i n g  some p r i v a c y  t o  t h e  men ( F i g .  8 ) .  Now, 
however, w i t h  one s h i f t  p redominate ly  medica l  and a n o t h e r  
e n t i r e l y  s l e e p ,  o n l y  one s h i f t  would be a v a i l a b l e  f o r  a sub- 
s t a n t i a l  l eve l  of o t h e r  experiment  s u p p o r t .  T h i s  would permit  
performance of a c t i v e - s u n  o r  f l a r e  o b s e r v a t i o n s  wi thou t  modi f i -  
c a t i o n  of exper iment  equipment and p r o c e d u r e s ,  though.  
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I n  c o n c l u s i o n ,  t h e  a c t i v i t i e s  of a two-man crew would 
be more l i k e  t h o s e  of a six-man c r e w  t h a n  a one-man c r e w .  
Psycho log ica l  a s p e c t s  would be  closer t o  normal.  Medical 
t e s t i n g  would be normal,  though w i t h  reduced s t a t i s t i c s .  
O the r  exper iments  would have t o  be modi f ied  f o r  one-man p e r f o r -  
mance i f  w e  wanted a s t a g g e r e d  s l e e p  schedu le .  There  would be 
l i t t l e  o r  no t i m e  f o r  unscheduled,  unconnected a c t i v i t i e s  ( e . g . ,  
s h o r t  d u r a t i o n ,  i n f r e q u e n t  p h y s i c a l  s c i e n c e ) ,  pe rhaps  some 
impact  t o  f i l m  p r o c e s s i n g  o r  s e l e c t i o n ,  and on ly  1 / 3  t o  2 /3  
of t h e  day a v a i l a b i l i t y  f o r  r o u t i n e  s u p p o r t  t o  SA&T. 



FIGURE 7 - CREW INFLIGHT SCHEDULE . 2  MEN (1ST OPTION) 
(4 HR MED PROGRAM) 
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FIG. 7 

DATA SUMMARY FOR FIGURE 7 (HOURS PER A C T I V I T Y )  

(1st OPTION) 
2-MAN CREW ( 4  HR. MED. PROG.) 

CREWMAN A C T I V I T Y  

I (SOL.  S T .  ATD . sw. 
M.W. MED. Q.S. A S . )  AS.  E.L.  F.P. S P C .  ( B I O . )  TM. 

T O T A L  

MIN. BUSY 
DAY DAY 

1 0  1 0  

10 1 0  

- 8  - 8  

1 2  1 2  
- - 

1) 2 h r s .  of F .P .  may b e  adequate  i n  view o f  t h e  reduced solar  o b s e r v a t i o n s .  

2 )  SOL.  AS. i s  i n d i c a t e d  a s  t h e  ongoing a c t i v i t y  i n s t e a d  o f  Q.S.  s i n c e  a m o d i f i c a t i o n  of t h e  
equipment  and/or  t e c h n i q u e s  i s  r e q u i r e d  t o  e n a b l e  1 man t o  make a c t i v e  sun  or f l a r e  
o b s e r v a t i o n s .  

3 )  Again w e  n o t e  t h e  l a c k  of  s p a r e  t i m e  i n  t h e  nominal day.  

R&R 

- 



FIGURE 8 -CREW INFLIGHT SCHECULE - 2  MEN (2ND OPTION) 
(4 HR MED PROGRAM) 
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DATA SUMMARY FOR FIGURE 8 (HOURS FER A C T I V I T Y )  
2-MAN CREW ( 4  HR. MED. PROG.) 

(2nd OPTION) 

W. MED. Q 

1 4 

1 4 

A C T I V I T Y  

(SOL.  ST. ATD . sw. 
S. A S . )  A S .  E .L.  F.P. SPC. ( B I O . )  TM. 

3 % 4 -  1 - 
4 4 3  1 - - 

~~~ 

2 8 3 1 1 3 ( 1 )  2 ? ( 2 )  

MED . 
SA&T (+D.A.) 

COMMENTS ON SCHEDULE AND DATA SUMMARY 

T O T A L  

MIN. BUSY 
DAY DAY 

1 0  1 0  

1 0  10 

20 ( 3 )  20 

- 8  - 8  

1 2  1 2  

- - 

1) 3 h r s .  of F.P. i s  probably  e x c e s s i v e  i n  view of t h e  reduced l e v e l  of SOL. AS .  a c t i v i t y  compared 

2 )  The amount of S W .  TM. could  b e  as h i g h  as  5 h r s . ,  i f  d a i l y  F.P. i s  n o t  n e c e s s a r y  and i f  r o u t i n e  
I t  p r o b a b l y  pays t o  l e a v e  each  man a t  least  

w i t h  t h a t  of 6-man crew. 

t a s k s ,  such a s  i n d i c a t e d  B I O . ,  a re  n o t  r e q u i r e d .  
1 h r .  of S W .  TM. i n s t e a d  of r e g u l a r  B I O . ,  so t h a t  r e p a i r s  and unexpec ted ly  l a r g e  Contingency 
work l o a d s  c a n  be handled .  T h i s  t i m e  might even s e r v e  f o r  R&R i f  w a r r a n t e d .  

3 )  P r e s e n c e  of S W .  TM., as i n  ( 2 )  above, would r e s u l t  i n  cor responding  lower ing  of  minimum day  
t o t a l .  
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Three-Man C r e w  ( F i g u r e s  9 and 1 0 )  

C o n s i d e r a t i o n  of t h i s  s i z e  c r e w  provided  convinc ing  
proof  t o  t h e  a u t h o r  t h a t  e s t i m a t e s  of t h e  c a p a b i l i t i e s  of  
crews of d i f f e r e n t  s i z e s  w i thou t  p reced ing  or c o n c u r r e n t  
p r e p a r a t i o n  of a c t u a l  s chedu les  can  be mis l ead ing  or  i n  e r r o r .  
Without  go ing  i n t o  t h e  d e t a i l ,  i t  had seemed r e a s o n a b l e  t h a t ,  
w i t h  a three-man crew, a t h r e e - s h i f t  s l e e p  schedu le  having  
one man a s l e e p  and t w o  a v a i l a b l e  f o r  work a t  any t i m e  would 
p r o v i d e  more e f f i c i e n t  round-the-clock SA&T s u p p o r t  t h a n  having 
t w o  men a s l e e p  on one of t h e  s h i f t s  and,  hence ,  o n l y  one man 
a v a i l a b l e  f o r  work a t  t h a t  t i m e .  

A s  F i g u r e s  9 and 1 0  show, t h a t  i s  n o t  t h e  case. 3n 
t h e  t h r e e - s h i f t  s l e e p  schedu le  ( F i g .  9 ) ,  w i t h  t e n  work hour s  
p e r  man p e r  day ,  i n  o r d e r  t o  lmve even one th ree -hour  p e r i o d  
of two-man a v a i l a b i l i t y  f o r  s o l a r  astronomy (t!iree or  which a re  
schedu led  on t h e  Reference  M i s s i o n ) ,  t h e  f o l l o w i n g  s c h e d u l i n g  
i s  r e q u i r e d .  One s h i f t  must be devoted  p r i m a r i l y  t o  f u l f i l l i n g  
t h e  medica l  t e s t  r equ i r emen t s  of t w o  of t h e  men, one of whom 
woulu have about  two a d d i t i o n a l  hours  of work a v a i l a b i l i t y  
t h a t  s h i f t .  The n e x t  s h i f t  could  see t h e  t h i r d  man's  medica l  
r equ i r emen t s  t a k e n  care o f ,  wi th  s u p p o r t  from h i s  a w a k e  com- 
panion;  i n  a d d i t i o n  t o  which t h e r e  would s t i l l  be abou t  t w o  
h o u r s  a v a i l a b l e  f o r  d u a l  s u p p o r t  of SA&T and a n o t h e r  two hour s  
of s i n g l e  man a v a i l a b i l i t y .  The t h i r d  s h i f t  would have one man 
a v a i l a b l e  a l o n e  f o r  t w o  hours  and ,  t h e n ,  t w o  men a v a i l a b l e  
f o r  f o u r  h o u r s ,  d u r i n g  t h r e e  of which t h e  o n l y  s t a n d a r d  so l a r  
astronomy cou ld  be done. However, i f  t h e  so la r  astronomy 
requ i r emen t s  cou ld  b e  reduced so t h a t  t w o  s u n l i g h t  p a s s e s  
( r a t h e r  t h a n  t w o  complete  o r b i t s )  w e r e  s u f f i c i e n t ,  t h e  sche-  
d u l e  might  be a d j u s t e d  t o  have t h o s e  t w o  p a s s e s  occur  i n  t h e  
two-hour, two-man a v a i l a b i l i t y  p e r i o d  i n  t h e  second s h i f t  
( e n a b l i n g  A c t i v e  Sun and F l a r e  modes t o  be suppor t ed  t h e n ,  
t oo . )  If solar  astronomy had s u f f i c i e n t  p r i o r i t y  and cou ld  
be  modi f ied  and performed as i n d i c a t e d ,  t h e  swing-time s u p p o r t  
of o t h e r  SA&T would be acco rd ing ly  reduced.  

N o  R&R i s  shown on t h e  schedu le  s i n c e  w e  are a t t e m p t i n g  
t o  do as  many o f  t h e  Reference Mission t a s k s  as  p o s s i b l e .  The 
s l e e p  p e r i o d  a l l o t m e n t  of e i g h t  hour s  p l u s  t h e  one day o f f  i n  
seven  might  cover  t h e  need f o r  l e i s u r e .  Modif ied Watch would 
be  f e a s i b l e  t h r e e  t i m e s  p e r  day. R e p a i r s ,  though i n f r e q u e n t ,  
would be d i s r u p t i v e ,  i n t e r f e r i n g  w i t h  so l a r  o b s e r v a t i o n s  or  
o t h e r  a c t i v i t i e s  abou t  once a week. E a r t h  look ing  and s t e l l a r  
astronomy cou ld  each  be  suppor t ed  t w i c e  a day v e r s u s  t h r e e  f o r  
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t h e  Reference  Mission.  Adequate f i l m  p r o c e s s i n g  a n d  s e l e c t i o n  
could  be done c o n c u r r e n t l y  w i t h  Q u i e t  Sun modes o r  d u r i n g  
swing- t i m e  p e r i o d s .  

The 2-0-1  man s l e e p  schedu le  of F ig .  1 0  a l s o  p r o v i d e s  
s t a g g e r i n g  of t h e  medica l  a c t i v i t i e s  and a s i n g l e  two-o rb i t ,  
two-man-available s o l a r  o b s e r v a t i o n  p e r i o d .  Round--the-clock 
S A & T  s u p p o r t  i s  more a v a i l a b l e  h e r e  t h a n  w i t h  t h e  t h r e e - s h i f t  
s l e e p  s c h e d u l e ,  though i t  i s  s p o r a d i c .  A d i sadvan tage  of t h e  
2-0-1  s c h e d u l e  i s  t h a t  i t  would be more l i k e l y  t o  promote 
c r e w  d i v i s i v e n e s s .  Three men a s l e e p  a t  t h e  same t i m e  c l e a r l y  
e l i m i n a t e s  round-the-clock s u p p o r t .  

I n  c o n c l u s i o n ,  l i f e  f o r  a three-man crew cou ld  be 
h e c t i c ;  round-the-clock SA&T s u p p o r t  would be f e a s i b l e  b u t  
n o t  n e a r l y  a s  e x t e n s i v e  as f o r  a l a r g e r  c r e w ;  and b e t t e r  
s t a t i s t i c s  t h a n  f o r  s m a l l e r  crews would be g a t h e r e d  f o r  extended 
f l i g h t .  While,  f o r  l ong  f l i g h t  d u r a t i o n s ,  t h e  three-man crew 
i s  p o p u l a r l y  b e l i e v e d  t o  be r e l a t i v e l y  p s y c h o l o g i c a l l y  u n s t a b l e  
( t w o  v s .  one s p l i t s  e x p e c t e d ) ,  t h e  t h r e e - s h i f t  s l e e p  schedu le  
of F i g .  9 might  o b v i a t e  t h a t  problem, s i n c e  no more t h a n  two 
men are  t o g e t h e r  a t  any one t i m e  and t h e  d i f f e r e n t  p a i r i n g s  
spend e q u a l  t i m e  t o g e t h e r .  



FIGURE 9 - CREW INFLIGHT SCHEDULE. 3 MEN (1ST OPTION) 
(4 HR MEDPROGRAMI 

HOURS 
I I 

13 14 15 16 1 2 3 4 5 6 7 8 9 10 11 12 

ORBITS 

LEGEND 

SLEEP 

PERSONAL MAINTENANCE 
(EAT. EXERCISE, HYGIENE. 
HOUSEKEEP) 

mj MEDICAL EXPERIMENTS 
S = SUBJECT 
0 =OBSERVER 
L.T. = LABORATORY TECHNICIAN 

1 WORK AVAILABILITY 

A.S. OR F. 
Q.S. =QUIET SUN 
SOL. AS. =SOLAR ASTRONOMY 
ST. AS. =STELLAR ASTRONOMY 
E.L. = EARTH LOOKING 

= FILM PROCESSING F.P. 
M.W. = MODIFIED WATCH 
ATD. SPC. =ATTEND SPECIMENS 

=BIOSCIENCE 810. 
SW. TM. =SWING TIME 
R&R = REST & RECREATION 

=ACTIVE SUN OR FLARES 

FIG. 9 

CREWMAN 

1 

2 

3 

TOTAL I 

DATA SUMMARY FOR FIGURE 9 (HOURS PER ACTIVITY) 
3-MAN CREW ( 4  HR. MED. PROG.) 

(1st OPTION) 

ACTIVITY 

(SOL. ST. ATD . 
M.W. MED. Q.S. AS.) AS. E.L. F.P. SPC. ( B I O .  

1 2 3  

1 4 -  1 1 3  

1 6 3  

- - - 

- - - 

sw. 
TM . 
4 

3 1 2  6 ( l )  ? ( 2 )  1 1 3 ( 3 )  ? ( 4 )  4 ( 5 )  

MED . 
SA&T (+D.A.) 

COMMENTS ON SCHEDULE AND DATA SUMMARY 

T O T A L  

M I N .  BUSY 
DAY DAY 

6 10 

10 10 

10 10 

26 30 

.12  -12 

14 18 
- - 

R e q u i r e s  s u f f i c i e n t  f l e x i b i l i t y  of Q.S. mode t o  p e r m i t  s t a r t i n g  a t  d i f f e r e n t  p a r t s  o f  an  o r b i t ,  
o t h e r w i s e  o n l y  3-4Ji h r s .  would b e  a v a i l a b l e ,  depending on whether  s i n g l e  o r b i t  d a t a  w i l l  m e e t  
p . 1 . ' ~  requi rements .  

Could be 2 h r s .  i f  1 1/3 o r b i t s  ( 2  b r i g h t  s i d e ,  1 d a r k  s i d e  p a s s e s )  p e r  r u n  are  a c c e p t a b l e  t o  
SOL. AS. people .  ~ l s o ,  might  b e  u s e d  f o r  A.S. o r  F. s u p p o r t  o f  C.M. # 3 ' s  c o n c u r r e n t  so la r  
o b s e r v a t i o n s  (see s c h e d u l e ) .  

3 h r s .  of F.P. may b e  e x c e s s i v e ,  due t o  reduced SOL. AS. l o a d  compared w i t h  6-man c r e w .  
The o p t i o n  f o r  2 h r s .  of B I O .  i s  shown i n  t h e  s c h e d u l e  t o  show t h a t ,  depending on p r i o r i t i e s ,  
some a c t i v i t y  i n  t h i s  area c o u l d  b e  c a r r i e d  on. 

7 h r s .  d u r i n g  ac t ive  s u n  p e r i o d s  i f  1-man s o l a r  o b s e r v a t i o n  n o t  a c c e p t a b l e  t h e n  (C.M. # 3 ,  2nd 
s h i f t ) ;  seems more l i k e l y  t h a t  C.M. #1 would work w i t h  him, though,  d u r i n g  h i s  2 a v a i l a b l e  
SW, TM. hrs, 



FIGURE 10  CREW INFLIGHT SCHEDULE - 3  MEN (ZND OPTION) 
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M. w 
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1 

DATA SUMMARY FOR F I G U R E  10 (HOURS PER A C T I V I T Y )  

(2nd OPTION) 
3-MAN CREW ( 4  HR. MED. PROG.) 

A C T I V I T Y  

(SOL.  ST. ATD . sw. 
MED. Q.S. A S . )  AS.  E . L .  F .P.  S P C .  ( B I O . )  TM. 

4 3 2 

4 - 1 1 3  - - 

4 3 2 

- - - - 

- - - - 

SALT (+D.A.)  

COMMENTS ON SCHEDULE AND DATA SUMMARY 

T O T A L  

MIN. BUSY 
DAY DAY 

8 10 

1 0  10 

8 10 

26  30 

-12 -12 

14 18 

- - 

R e q u i r e s  s u f f i c i e n t  f l e x i b i l i t y  of  Q.S. mode t o  pe rmi t  s t a r t i n g  a t  d i f f e r e n t  p a r t s  of an  o r b i t .  

Could be 4 h r s .  i f  1 1 / 3  o r b i t s  p e r  run  a r e  a c c e p t a b l e  t o  SOL. A S .  people .  

3 h r s .  of F.P. may be  e x c e s s i v e ,  due  t o  reduced SOL. AS.  l o a d .  

Could  b e  7 h r s . ,  as w i t h  1st o p t i o n .  

Not per formed d u r i n g  a v a i l a b l e  S W .  TM., s ince it r e q u i r e s  doing  t w i c e  a day @ 8-10 h r s .  s e p a r a t i o n .  
O t h e r  B I O .  cou ld  b e  done, though,  i f  s u f f i c i e n t l y  s h o r t  (: 2 h r s . ) .  
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Four-Nan C r e w  ( F i g u r e  11) 

A four-man crew could o p e r a t e  w i t h  t h r e e  men on a 
s t a g g e r e d ,  round-the-clock s l e e p  s c h e d u l e ,  as i n  F i g u r e  9 ,  
and t h e  f o u r t h  man s l e e p i n g  o n  a s h i f t  where h i s  absence  would 
be l e a s t  f e l t .  I n  t h i s  c a s e  he would s l e e p  on t h e  t h i r d  s h i f t ,  
when t h e  rest of t h e  crew w a s  l e a s t  occupied  w i t h  medica l  
d u t i e s .  H e  would perform h i s  medica l  a c t i v i t i e s  d u r i n g  t h e  
second s h i f t ,  c o o r d i n a t i n g  them w i t h  t h e ,  a s  y e t ,  u n t e s t e d  
number one man, t h u s  f r e e i n g  t h e  o t h e r  awake man, number t h r e e ,  
from a r e p e a t  of medica l  s u s p o r t  t a s k s .  T h i s  would i n c r e a s e  
t h e  amount of one-man t i m e  a v a i l a b l e  f o r  so l a r  s t u d i e s ,  e n a b l e  
t h e  less e r a t i c  performance of f i l m  p r o c e s s i n g  and s e l e c t i o n ,  
i n c r e a s e  t h e  a v a i l a b l e  swing t i m e ,  and e n a b l e  r e p a i r s  t o  t a k e  
? l a c e  sooner  and more conven ien t ly .  I t  would n o t  i n c r e a s e  
t h e  t i m e  a v a i l a b l e  f o r  two-man a c t i v i t i e s ,  such a s  9 c t i v e  Sun 
or  F lare  o b s e r v a t i o n s .  It  would, however, i n c r e a s e  t h e  c h o i c e s  
as t o  whose P e r s o n a l  Maintenance a c t i v i t i e s  cou ld  be most 
r e a d i l y  d i s r u p t e d ,  shou ld  a s p e c i a l  work requi rement  w a r r a n t  
i t .  

Another p o s s i b l e  arrangement i s  shown by F i g u r e  11, 
i n  which w e  b u i l d  from t h e  three-man c r e w ,  second o p t i o n  ( F i g .  
1 0 1 ,  and have a p a i r  of men s l e e p i n g  on t h e  t h i r d  s h i f t  a s  w e l l  
a s  t h e  f i r s t .  On t h i s  schedule  t h e r e  i s  more two-man t i m e  t h a n  
i n  t h e  f i r s t  p l a n .  W e  n o t e  t h a t ,  now, t h e  minimum nominal 
t a s k s  of a six-man c r e w  could be  accompl ished ,  e x c e p t  f o r  s o l a r  
astronomy d u r i n g  one s h i f t  per  day  and e x c e p t  f o r  t h e  medica l  
q u a l i f i c a t i o n  of a f i f t h  and s i x t h  man. Our Busy Day and A c t i v e  
Sun and Flare  s u p p o r t  c a p a b i l i t i e s  would n o t  be as  Comparable, 
however. 

I t  would p robab ly  be m o r e  i n t e r e s t i n g  t o  p u t  t h e  
f o u r t h  man on a comple t e ly  unscheduled program, s l e e p i n g  when 
h e  f e l t  l i k e  i t ,  working when h e  f e l t  l i k e  i t ,  a t  t h e  most 
e s s e n t i a l  o r  u s e f u l  t a s k s  of t h e  moment, and f ree  from t h e  
performance of med ica l  exper iments  ( though having more monitor-  
s h i p  of h i s  e s s e n t i a l  medical s t a t u s  p a r a m e t e r s ,  on a non- 
i n t e r f e r e n c e  b a s i s  p r e f e r a b l y ) .  There b e i n g  p l e n t y  t o  do onboard,  
h e ' d  probably  keep q u i t e  busy. T h i s  ro le  of t h e  f o u r t h  man, 
b e i n g  perhaps  more i n t e r e s t i n g  t h a n  t h o s e  of t h e  o t h e r  men, 
c o u l d  be r o t a t e d  among t h e  crew on a weekly b a s i s ,  and would 
s e r v e  as a w e l c o m e  break  from t h e  p o s s i b l e  monotony o f  s p a c e  
l i f e .  Th i s  would a l l o w  each man t h r e e  o u t  of f o u r  weeks f o r  
r o u t i n e  medica l  expe r imen t s ,  so t h a t  h e  cou ld  s t i l l  be  i n c l u d e d  
i n  t h e  s t a t i s t i c a l  medica l  q u a l i f i c a t i o n  o f  man f o r  ex tended  
f l i g h t .  
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In the fixed four-man schemes we would have about four 
manhours per day for swing-time activities, and we could con- 
veniently do repair work within a day after the need arose. 
In the one-man-floating scheme we'd have more flexibility for 
spontaneous contingency support. 
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TOTAL 

DATA SU?LXU?Y FOR FIGURE 11 (HOURS PER A C T I V I T Y )  
4-MAN CREW (4 HR. MED. PROG. j 

(2nd OPTION)  

A C T I V I T Y  

(SOL. S T .  ATD . sw . 
M . W .  MED. Q.S. A S . )  AS .  E . L .  P . P .  S P C .  ( B I O . )  TM. 

1 4 3 4 1 -  - - 
- - - - ( 2 )  

- - 3 ( 2 )  

4 - 3  2 

- - - - 1 4 3 2 

1 4 1 % -  

3 16 6 14 1% 3(l' 2 5 

MED 

SALT (+D.A.  

COMMENTS ON SCHEDULE AND DATA SUMMARY 

T O T A L  

M I N .  BUSY 
DAY DAY 

94  94 

9 9 

8 10 

6% 94 

33 38  

.16 -16 - - 
17 ( 3 )  22 

2 

1) May be excessive since less SOL. A S .  is performed than with a 6-man crew. 

2 )  Active sun wipes out C.M. #4's S W .  T l l . ,  but C.M. # 2 ' s  R&R now becomes S W .  TM. This leaves 3 hrs. 
S W .  TM. to pick up F . P .  if necessary. Prefer to have F . P .  require only 2 hrs., to leave 1 hr. 
for contingencies, such as repair. This avoids disruption of ongoing activities. 

3 )  Note that Kinimum Day is only 3 hrs. less than for 6-man crew, the Busy Day is 9 hrs. less. 

On Schedule, note shift of orbit points with respect to time base (in practice it would be other 
way around) in order tq begin solar observations at appropriate tines. 
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Five-Man C r e w  ( N o  S e p a r a t e  Schedule)  

We're now c l o s e l y  approaching  t h e  six-man crew 
s i t u a t i o n ,  which has  a l r e a d y  been ana lyzed  a t  sorile l e n g t h .  
Reference  2 ,  showed t h a t  f o r  t h e  six-man case t h e  b e s t  work 
program would be one i n  which on ly  f i v e  men on t h e  a v e r a g e  
would be  a s s i g n e d  t o  connec ted  t y p e  a c t i v i t i e s ,  and one  man 
would u s u a l l y  be a v a i l a b l e  f o r  s h o r t  d u r a t i o n  t a s k s  or con- 
t i n g e n c y  s u p p o r t .  T h i s  would appear  t o  i n d i c a t e  t h a t  w i t h o u t  
a s i x t h  man you could  s t i l l  handle  t h e  minimum, r o u t i n g  work- 
load  of t h e  six-man s t a t i o n .  This  i s  t r u e ,  b u t  w i t h  t h e  f i f t h  
man c a r r y i n g  r o u t i n e  medical  r equ i r emen t s ,  you c o u l d n ' t  con- 
v e n i e n t l y  do A c t i v e  Sun or  F l a r e  t y p e  s t u d i e s  e x c e p t  on  one 
of t h e  t h r e e  s h i f t s .  Also, you 'd  c u t  i n t o  t h e  a v a i l a b l e  t i m e  
f o r  Busy Day and con t ingency  a c t i v i t i e s .  

With f i v e  men you might want f o u r  of  t h e  men on t h e  
s a m e  s chedu le  as f o r  t h e  four-man, second o p t i o n  ( F i g .  111, 
w i t h  t h e  f i f t h  man o p e r a t i n g  f r e e - - f l o a t e r  s t y l e ,  e x c e p t  f o r  a 
f i x e d  s l e e p  p e r i o d ,  by h i m s e l f ,  on t h e  second s h i f t .  Th i s  way, 
w i t h  h i s  r e g u l a r  medica l  r equ i r emen t s  d e l e t e d  f o r  t h e  one week 
s t i n t  ( t o  b e  r o t a t e d  among t h e  c r e w ) ,  he would p r o v i d e  i n c r e a s e d  
s u p p o r t  and f l e x i b i l i t y  du r ing  t h e  f i r s t  and t h i r d  s h i f t s ,  when 
t w o  men are s l e e p i n g .  

Seven-Man (and up)  C r e w  ( N o  Separate Schedule)  

A s  t h e  c r e w  grows t o  beyond s i x  men i n  s i z e ,  one of 
t h e  f i r s t  t h i n g s  w e  should  a t t e m p t  i s  t o  i n c r e a s e  manpower 
a v a i l a b i l i t y  and program f l e x i b i l i t y  where t h e s e  f a c t o r s  s u f f e r  
most, e . g . ,  t h e  t h r e e  two-hour p e r i o d s  when t h e  whole six-man 
c r e w  i s  i n  P e r s o n a l  Maintenance. A s even th  man could  b e  made 
a v a i l a b l e  d u r i n g  t w o  of t h o s e  t h r e e  p e r i o d s  ( h e ' d  be  a s l e e p  
d u r i n g  o n e ) .  The res t  of t h e  c r e w ,  when t h e  s e v e n t h  man w a s  
awake, c o u l d  be  on t h e  Busy Day schedu le  wi thou t  f e a r  of  i n t e r -  
r u p t i o n  fo r  m o s t  con t ingency  t a s k s .  The seven th  man's ro l e  would 
b e  t o  perform t h o s e  t a s k s  o r ,  i n  q u i e t  t i m e s ,  t o  per form swiiig- 
t i m e  SA&T t a s k s .  Again,  be ing  odd man o u t ,  h i s  medica l  ro l e  
shou ld  be  minimized so as not  t o  r e q u i r e  s u p p o r t  from t h e  o t h e r  
crewmen, and t h e  j o b  cou ld  be r o t a t e d  on a weekly b a s i s .  

I n s t e a d  of  employing t h e  s e v e n t h  man a s  above,  p r i m a r i l y  
on a backup b a s i s ,  w i t h  him and w i t h  l a r g e r  crews you c o u l d  
b e g i n  t o  i n c r e a s e  t h e  t e c h n i c a l  a c t i v i t i e s  i n  o t h e r  f i e l d s .  
F o r  example,  you cou ld  b r i n g  b i o s c i e n c e  o r  space  p h y s i c s  i n t o  
t h e  program on a more f r e q u e n t  b a s i s .  
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Also, a s  crews g e t  l a r g e r  t h e  whole c h a r a c t e r  of  t h e  
onboard experiment  program could  beg in  t o  change.  The e n p h a s i s  
on au tomat ion  of exper iments  might be  l e s s e n e d ,  and more leeway 
b u i l t  i n t o  t h e  exper iment  program f o r  manned p a r t i c i p a t i o n  
through onboard m o d i f i c a t i o n  of t e s t  s e t u ; ? s  and p rocedures .  

C .  2.5-3.3 Hour Medical 

The p r o s  and cons of a reduced medical  Frogram w e r e  
b r i e f l y  p r e s e n t e d  i n  t h e  t e x t ,  S e c t i o n  111, P a r t  A .  B y  way of 
example w e  w i l l  now show t h e  e f f e c t s  of implementing a s c h e d u l e  
based on such l o w e r  l e v e l s  of medical  e x p e r i m e n t a t i o n  w i t h  a 
six-man and t h e n  a three-man c r e w .  

Six-Man C r e w  ( F i g u r e  1 2 )  

I n  i t s  s i m p l e s t  t e r m s ,  as  t h e  s c h e d u l e s  ar,d d a t a  
s u m m a r i e s  of F i g u r e s  3 and 1 2  show, r e d u c t i o n  of medica l  t i m e  
from 4 . 5  down t o  a n  ave rage  of 2 . 9  hour s  p e r  man f o r  a c r e w  
of s i x  r e s u l t s  i n  having  abou t  n i n e  more hours  p e r  day a v a i l a b l e  
f o r  t h e  s u p p o r t  of o t h e r  SA&T a c t i v i t i e s .  Another r e s u l t  of 
s i g n i f i c a n c e  i s  t h e  removal of p r e s s u r e  t i iat  Hectic Day a c t i v i t i e s  
can  b r i n g  t o  b e a r  on t h e  schedu l ing  o f  t h e  more r o u t i n e  a c t i v i t i e s .  
There  a re  enough uncommitted p e r i o d s  i n  t h e  day ,  now, s o  t h a t  t h e  
need f o r  A c t i v e  Sun or F l a r e  coverage  o r  t h e  performance of a 
r e p a i r  d u r i n g  a normal ly  scheduled  a c t i v i t y  poses  l i t t l e  pro-  
blem i n  r e s c h e d u l i n g  t h a t  a c t i v i t y ;  e . g . ,  each Modif ied Watch 
p e r i o d  i s  now immediately fo l lowed by a swing-time p e r i o d  t o  
which it cou ld  r e a d i l y  be postponed i f  d e s i r e d .  

A l s o ,  on  t h e  reduce6 medica l  program c r e w  i n t e r e s t  
s h o u l d  be eas ie r  t o  m a i n t a i n ,  due t o  t h e  g r e a t e r  v a r i e t y  of 
t a s k s  t h e y  may now perform.  A s  w i t h  c r e w  s i z e s  l a r g e r  t h a n  
s i x  on t h e  four -hour  medica l  program, some of t h e s e  e x t r a  
t a s k s  c o u l d ,  i f  d e s i r e d ,  now be schedu led  on a r e g u l a r  b a s i s ,  
t h u s  i n c r e a s i n g  t h e  p lanned  o u t p u t  o f  t h e  mis s ion .  

I t  i s  d e s i r a b l e ,  of c o u r s e ,  t o  have as  many u n i n t e r r u p t e d  
t w o -  t o  th ree -hour  p e r i o d s  a s  p o s s i b l e  a v a i l a b l e  f o r  sl.rinu-time 
t a s k s .  Schedul ing  s t e l l a r  astronomy and e a r t h  l o o k i n g  a t  uniform 
i n t e r v a l s ,  as done i n  t h e  Reference Miss ion ,  would i n h i b i t  t h i s .  
I n s t e a d  t h e y  a r e  plugged i n t o  o t h e r  gaps ,  too s h o r t  f o r  u se  as  
swing t i m e ,  w i t h  some n o t  very  s i g n i f i c a n t  loss  i n  r e g u l a r i t y .  
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I f  it i s  d e s i r e d  t o  u s e  a v a i l a b l e  s p e c i a l i z e d  s k i l l s  
or t o  d e v e l o p  competence i n  c e r t a i n  a reas ,  r e p e t i t i v e  a s s i g n -  
ment of t h e  same t y p e  t a s k s  t o  t h e  same man shou ld  be  macle, as  
i s  shown f o r  crewmen number 4 and number 6 w i t h  S t e l l a r  Astronomy 
and E a r t h  Looking r e s p e c t i v e l y .  Fo r  A t t e n d  Specimen, which i s  
done o n l y  t w i c e  a day ,  you nay  want a t  l e a s t  t w o  p e o p l e  011 d i f f e r e n t  
s h i f t s  q u a l i f i e d .  You would n o t  g i v e  t h e  t a s k s  t o  t h e  same 
man, t h e n .  



FIGURE 12. CREW INFLIGHT SCHEDULE - 6 MEN 

(2.5-3.3 HR MED PROGRAM) 
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DATA SUMMARY FOR FIGURE 1 2  (HOURS PER A C T I V I T Y )  
6-MAN CREW ( 2 . 5 - 3 . 3  HR. MED. PROG.) 

A C T I V I T Y  

(SOL. S T .  ATD. sw. 
MED. Q.S. A S . )  AS.  E.L.  F.P. S P C .  ( B I O . )  TM. 

- - - 3 4  3 4 14 
- - 24 - 4 -  6 

- - - 34  3 1 14 
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3% 3 14 
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- 
- - - - 
- 

3 18 9 14 1% 3 ( 1 )  2 18 
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-18 - 1 8  
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R&R 

4 
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- 
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1 
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COMMENTS ON SCHEDULE AND DATA SUMMARY 

1) The F.P .  task can be rotated between C.M. #4, as shown, and C.M. #2, who has a 3 hr. S W .  TM. 
period available. During Q . S .  others could do it, too. 
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Three-Man C r e w  ( F i g u r e  1 3 )  

The three-man crew on t h e  i n d i c a t e d ,  reduced medica l  
program i s  o n l y  one hour s h o r t  of be ing  a b l e  t o  p r o p e r l y  
handle  t h e  complete minimum SA&T l o a d  of  t h e  six-man Reference  
Mission.  I t  would, however, only be a b l e  t o  hand le  t h e  
cont ingency  A c t i v e  Sun o b s e r v a t i o n s  on one of t h e  t h r e e  s h i f t s ,  
due t o  l a c k  of a backup man, and o t h e r  con t ingency  e v e n t s  would 
a l s o  pose a problem. I f  AS or  F d e s i g n  or  o p e r a t i o n  were 
modi f ied  f o r  one-man o p e r a t i o n ,  t h e n  t h i s  c r e w  cou ld  p r a c t i c a l l y  
m e e t  a l l  t h e  t e c h n i c a l  o b j e c t i v e s  of t h e  Reference  Mission.  

Though t h e  schedu le  i s  t i g h t ,  w i t h  each  man having a 
v a r i e t y  of jobs, t h e r e  would s t i l l  be a t o t a l  of two hour s  of 
swing t i m e  d u r i n g  t h e  day. While t h e s e  c o n s i d e r a t i o n s  a r e  
f o r  a t e n  hour  p e r  man w o r k  day,  i n c r e a s i n g  t h e  work day would, 
as a p r a c t i c a l  mat te r ,  s imply i n t r o d u c e  more f l e x i b i l i t y  i n t o  
t h e  s c h e d u l i n g  r a t h e r  t h a n  s u b s t a n t i a l l y  i n c r e a s e  t h e  o u t p u t .  

A c u r s o r y  examinat ion of F i g u r e  1 3  prom2ts t h e  a u t h o r  
t o  c o n j e c t u r e  t h a t  a t h r e e - s h i f t  s l e e p  schedu le  might  be more 
advantageous h e r e .  Bes ides  o b v i a t i n g  t h e  t w o  v e r s u s  one p o t e n t i a l  
p s y c h o l o g i c a l  problem, it appears  t h a t  it might  p r e s e n t  t w o  
s h i f t s  d u r i n g  which a c t i v e  sun o b s e r v a t i o n s  c o u l d  be suppor t ed .  
I f  cos t  o r  o t h e r  c o n s i d e r a t i o n s  w e r e  t o  f a v o r  s m a l l  crews and i f  
t h e  s h o r t e r  d u r a t i o n  medical t e s t i n g  were a c c e p t a b l e ,  such a 
three-man scheme would appear  v e r y  a t t r a c t i v e .  (Equ iva len t  t o  
s a y i n g  t h a t  AAP-3a and 4 could be  r e a d i l y  combined i f  ATM and 
medica l  r equ i r emen t s  w e r e  s u f f i c i e n t l y  e a s e d . )  



FIGURE 13 -CREW INFLIGHT SCHEDULE - 3 MEN (2ND OPTION) 
(2.5-3.3HR MEDPROGRAMI 
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DATA SUMMARY FOR FIGURE 1 3  (HOURS ?ER ACTIVITY) 
3-MAN CREW (2.5-3.3 HR. MED. PROG.)  

(2nd OPTION) 

A C T I V I T Y  

(SOL.  S T .  ATD . sw. 
Q.S. A S . )  AS.  E.L. F . P .  S P C .  ( B I O . )  TM. 

- - 6 4 -  1 

- % 4 3  1 - 
3 4 1 1 - - 

3 9 (3) 1 1 3(4) 2 2 

MED . 

T O T A L  

M I N .  BUSY 
DAY DAY 

9 1 0  
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9 10 

28 30 
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COMMENTS ON SCHEDULE AND DATA SUMMARY 

1) Actually, this is hedged by 5 minutes, to give E . L .  20 minutes. 
2)  

3) Could be as low as 6 hrs., if Q.S. is not allowed to begin at different parts of an orbit. 
4 )  May be excessive due to reduced solar observations (max. of 3 hrs. A.S.  or F.)  compared with 

Scheduling more activities (than in 4 hr. KED. case) restricts when each can be performed; e.g., 
S T .  AS. and E.L.  can no longer be assigned to j u s t  1 or even 2 men (due to ephemeris conflicts). 

Excellent example of preconceived notion( of 2.5 hr. min. med. requirement) being in error. 
All med. req'ts are met by indicated scheduling, which was optimized for other activities. 

6-man crew (up to 9 or more hrs. A.S. or F . ) .  


